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A GENETIC TEST OF DDT RESISTANCE IN FIELD HOUSE FLIES':’ 


E. T. LICHTWARDT, WILBUR M. LUCE, G. C. 


Recent work on the genetics of DDT resistance 
in the house fly, Musca domestica L., has in- 
dicated the presence of a single autosomal 
dominant gene for high tolerance to DDT. Two 
laboratory strains of house flies have been shown 
to carry this gene, the Multi X strain, studied by 
Maelzer and Kirk (1953), and the DDT I 
strain, studied by Lichtwardt (1955). These two 
strains are essentially the same with respect 
to DDT resistance, the Multi X strain being a 
branch of the DDT I strain which was selected for 
resistance to DDT by Bruce (1950) and Bruce 
and Decker (1950). Maelzer and Kirk (1953) 
suggested that this gene was responsible for the 
high resistance to DDT in field populations of 
house flies and the present study was under- 
taken to investigate this possibility. 


Characteristics of the high resistance gene. 


The tolerance levels of this gene for high 
resistance, which was designated the R factor, 
were established for the DDT I strain by the 
use of mass crosses between an inbred homozy- 
gous resistant branch of DDT I, known as the 
IR-1 strain, and an inbred homozygous sus- 
ceptible branch of the susceptible Lab I strain, 
known as IS-l. The R factor is most consistently 
expressed within the dosage range from 0.608 
15.2 ug DDT/fly. That is when the upper 
range of tolerznce for the parent susceptible 
strain is 0.608 ug DDT /fly, at this dose level in 
Pap PAPER 
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wzenetic crosses where the R factor is involved, 
the ratios attained simulate most perfectly the 
expected ratios for a single autosomal dominant. 
From this dose level up to 15.2 we DDT/fly the 
mortality remains unchanged. With higher doses 
a slight increase in mortality may be evident. 
To be well within these limits 24-hour survival to 
a dose of 7.6 ug DDT/fly was chosen as the 
diagnostic phenotype for the R factor in the 
experiments reported here. 


TEST FOR A SINGLE DOMINANT GENE IN A 
FIELD STRAIN 


PART I. 


The object of the first experiment was not to 
attempt a genetic analysis of DDT resistance in a 
field population, but simply to test for the 
presence of a single dominant gene for high 
resistance. Mass crossing of resistant and sus- 
ceptible strains was considered the most desir- 
able approach, for by this means one could 
acquire large numbers of progeny for testing 
with a range of doses of DDT. 

All genetically important factors for resistance 
were concentrated by using, as parents in the 
mass crossing tests, the survivors after exposure 
to DDT. If more than one dominant factor 
were present in the original wild population, then 
since a surviving gene pool was used some 
parents at least would be expected to be carrying 
more than one gene for high level resistance and 
the proportion of susceptible progeny would 
always be less than one-fourth of the F; and 
less than one-half in the test crosses. Con- 
versely, if only one dominant for high resistance 
were present nearly typical 3:1 and 1:1 ratios 
would be found in the F, and in the test crosses. 


MATERIALS AND METHODS 
Egg samples of hoyse flies were collected 
outside an 80-mile radius of this laboratory 
from northern and central Illinois and were 
maintained in a conglomerate culture for one 
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generation before use. All flies used in this 
experiment were reared according to a modified 
NAIDM procedure, the details of which are 
described in a separate paper (Lichwardt ef al. 
1955). Most cultures and all test flies were 
maintained at 80° + 3° F. Adults were tested 
3 to 6 days after emergence. Test flies were 
anesthetized with CO, to facilitate handling. 
Acetone solutions of DDT (99% pure P, P' 
isomer) were applied in quantities of 0.00076 ml 
to the dorsal thorax of test flies by means of a 
l4-cec micro-injection syringe as described by 
Bruce (1950). All treated flies were exposed to 
CO, for not longer than 10 minutes and were fed 
condensed milk diluted with water during the 
holding time. Flies were tested in samples not 
exceeding 60 per container. Mortality counts 
were taken 24 hours after treatment. Virgin 
females were obtained by separating emerging 
flies within 6 to 8 hours after emergence. 


PROCEDURE 


A standard dose of 7.6 we DDT/fly was ap- 
plied to both males and females from the con- 
glomerate field strain, a high proportion of which 
were found to be resistant. For the initial 
cross the surviving field males were mated en 
masse to virgin females of a laboratory susceptible 
strain known as “CSMA”. 

Virgin females from the F; of this initial cross 
were collected for the next series of crosses. 
Samples of the remainder of the F; females were 
then treated with a range of doses of DDT as 
indicated in Table I. 

The F; males and the F; virgin females then 
were treated with 7.6 we DDT/fly, the survivors 
being used for the second series of crosses. 
Three en masse crosses were made: an Fs, a 
backcross to susceptible males, (the males being 
obtained from the inbred IS-l strain), and a 
backcross to pure resistant males from the 
IR-l strain. Results from this third cross are 
elaborated in Part II. 


RESULTS OF PART I. 


Over half of the F, female progeny from the 
initial cross were highly resistant, some resist- 
ance, therefore, being genetically dominant. 
When tested with a range of doses of DDT, 
however, the F; females exhibited a gradual in- 
crease in mortality up to between 3.8-6.08 ug 
DDT/fly, well within the tolerance levels of 
resistance, after which the mortality leveled off, 
(Table I). A similar effect was found by Maelzer 
and Kirk (1953) in the Multi X strain. They 
attributed this increase in mortality in the lower 
resistance range to an “intermediate resistance’’, 
possibly multifactorial in inheritance. The F, 
males were tested with one dose only, 7.6 ug, 
and were utilized for crossing. The proportion 
of males surviving this dose was about the 


Annals Entomological Society of America 


[Vol. 48 


same as for the F; females, thus little sex linkage, 
if any, was involved in this dominant resistance. 

Mortality values of the F: females, when tested 
with a range of doses, remained about the same 
between the doses of 2.28 ug/fly and 15.2 yug/fly 
with a proportion of three resistant flies to one 
susceptible. In fact, the three to one ratio ap- 


TABLE I 
TWENTY-FOUR HouR MortTALity OF PROGENY FROM 
GENETIC CROSSES BETWEEN LABORATORY SUSCEPTIBLE 
AND FIELD REsISTANT FLIES 
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pears to begin at a dose of 0.608 ug/fly although 
the probability values for the ratio are less when 
the 0.608-1.52 ug DDT /fly doses are included in 
the analysis (Table I). It is interesting to note 
that the gradual increase in mortality within the 
lower resistance range evident in the F, did not 
occur in the Fy, tests, i.e, the ‘intermediate 
resistance” apparently was lost in the Fy). Al- 
though we tested above the susceptibility curve 
in the males (Table I), the males here being 
very much more susceptible than the females, 
the males also occurred in a ratio of three resist- 
ant to one susceptible. 

The backcross, F: females to susceptible males, 
gave the expected one susceptible to one re- 
sistant in the females. The males showed more 
mortality than expected, the deviation in this 
test being significant. However, the trend of 
the dose-mortality curve was similar to that of 
the females, and although the males were ob- 
viously more susceptible, the results would 
indicate that the inheritance of high resistance 
in the males is not basically different from that 
of the females. 

The above results indicate that there is indeed 
one autosomal dominant gene for high resistance 
in the field population. In fact, the F, dose 
tolerance ranges are so close to those of the R 
factor in the IR-1 strain that it would appear 
that this single field resistance gene is certainly 
the most significant one present. 


PART II. TESTS FOR ALLELISM TO THE R FACTOR 


Two methods of approach were used in testing 
the field resistant gene for allelism to the R 
factor. The first method was by single pair 
crossing, the second method by mass crossing. 

Method I. Single pair crosses were under- 
taken at the same time as were the initial crosses 
of Part I. Field strain males known to be pheno- 
typically resistant by their survival to treatment 
with 7.6 wg DDT/fly were crossed by single 
pairs to virgin females heterozygous for the R 
factor (R/+). Out of 30 attempted crosses, 24 
were fertile. Virgin females were collected and 
tested with 7.6 we DDT/fly from 12 of these 
crosses (Table II). From the virgin females 
surviving treatment two groups of single pair 
cross progeny were chosen as female parents for 
the next series of single pair crosses, 7.e., the test 
crosses to susceptible males (Table III). Selec- 
tion of the female parents for the test cross was 
based on the following reasoning. First of all, a 
field male homozygous for an autosomal dominant 
resistance factor would naturally produce all or 
nearly all resistant progeny. Secondly, if there 
were one dominant factor for high level resistance 
present in the field population and this resistance 
factor were heterozygous in the male parent, 
regardless of whether this gene were an allele of 
the R factor or a separate non-linked gene, the 
resulting ratio from the initial single pair cross 


Genetic Test of Resistance in Flies 


. No. No. 


207 


TABLE II 


TEsT BY SINGLE PAIR MATINGS FOR ALLELISM TO R Factor, 


Cross I. Twenty-four hour mortality values of (R/+ 9 
xX Field Ro’) Fi virgin females treated with 7.6 ug 
DDT/fly. 


Parent 


No. Tested 


2 52 
45 
54 
59 
49 
74 
79 
94 
83 
85 
55 
50 


*Male Grandparent (Table IIIa). _ 
bMale Grandparent (Table IIIb). 


TABLE IIla 


TEST BY SINGLE PAIR MATINGS FOR ALLELISM TO R FAcTor, 


Cross II (test cross) MALE GRANDPARENT (i) 


Twenty-four hour mortality values of ( (R/+ 2 Field 


10) cross progeny, after treatment 
with 7.6 ug DDT/fly. 


Ro \FixXIS 


FEMALE MALE 


No. No. | Percent 
Tested| Dead | Mortality 


| Percent 
Tested | Dead} Mortality 


0 | 0 31 | 9 
0 | 0 43 | 20 
0 0 | 3 
0 | 0 

0 0 
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to the R/+ female would be three resistant to one 
susceptible. The genotype of a field male parent 
which produced progeny having the 3:1 ratio 
would be more ascertainable than would the 
genotype of the male parent producing all 
resistant progeny, the first-mentioned male par- 
ent of necessity having contributed only one 
dominant gene for high resistance. 

Thus females of two crosses which produced 
close to a 3:1 ratio (Table II), were utilized for 
a test cross by single pairs. Resistant females 


TABLE IIIb 


TEST BY SINGLE PAIR MATINGS FOR ALLELISM TO R Factor, 
Cross II (test cross) MALE GRANDPARENT (k) 


Twenty-four hour mortality values of ( (R/+ 9 X Field 
Ro) Fi KIS—1c) cross progeny, after treatment 
with 7.6 ug DDT/fly. 


FEMALE 


No. No. 
Tested | Dead} Mortality 





Percent No. No. Percent 
| Tested} Dead | Mortality 


50 | O | 0 | 34 16 | 47 
40 | 0 | 59 15 25.4 
53 | 0 | wei 44 
0 | 40 16 | 40 
0 | 38 a 12.5 


© oO 
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mile: 4 4 
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65 | 2 35 


2 
2 
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3 
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“Is ¢ 


a oo 0 
a ia oe 23 
SoD 34 
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105 | 40 | 38 


> GO OO 


i or 


0 | 52 86 
53 | 36 | ~ 67.5 
39 | 34 87 
37 37. | 100 
78 3 63.7 
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7 i 7 100 
6 i 6 4 100 
72 | 6 95 
101 53 52 
20 5 | 75 


40 100 


65 


17 


were used rather than males as a check for link- 
age, in case crossing over does not occur in male 
house flies. 

The test cross. 
the crosses ‘i’? and ‘“k”’ 
pairs to males of the “IS-l” strain (an inbred 
homozygous susceptible strain). We reasoned 
that if the original dominant for resistance of 
the field male parent were an allele of the R 
gene (RF = field) the genotypes of the resistant 
(R/+xRF/+) cross progeny would follow the 


Resistant females resulting from 
were mated by single 
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expected segregation pattern of 144 R/RF:4 
R/+:4R?/+ with the 4+/+ having been 
eliminated by treatment with DDT. The sur- 
viving types when mated in single pairs to males 
of the susceptible (+/+) IS-l strain should 
show that one-third were R/RF with all resistant 
progeny while the other two-thirds, R/+ and 
R?’/+, would each have 4% susceptible to % 
resistant progeny. 

On the other hand, if the field resistance factor 
were neither an allele of the R gene nor very 
closely linked to the R gene, then, using F to 
symbolize the non-allelic field resistance gene, 
the genotypes of the parent resistant females 
would include 44 R/+ F/+: 14 R/+ +/+:% 
+/+ F/+ with the 4 +/+ +/+ eliminated 
by treatment with DDT. 

One-third of the single pair test crosses would 
then be expected to produce three resistant to 
one susceptible progeny, and two-thirds of the 
test crosses would give one susceptible to one 
resistant progeny. Of course, the above as- 
sumptions are based on ratios which would occur 
if the original field resistant males had con- 
tributed only one resistant gene. In any event, 
unless an allele of the R factor or a closely 
linked gene were present in the field population, 
none of the test crosses would produce all re- 
sistant progeny. 


RESULTS 


The results of the test crosses are shown in 
Table III. Although in both tests roughly the 
expected one-third of the females produced no or 
low mortality, two serious discrepancies occurred. 
First of all, the males did not follow the same 
mortality pattern as the females, the mortality 
values in the males being considerably higher in 
most cases. Secondly, rather than the abrupt 
increase in mortality, a gradual increase occurred 
in the females of the first test. 

Two circumstances would partially explain 
the variability in these results. The varying 
number of larvae per breeding container made it 
impossible to standardize rearing conditions. 
Also, male flies are normally more variable and 
less resistant than females and very noticeably 
so in the field strain, as indicated previously. 
This problem is discussed later in more detail. 

The seriousness of the discrepancy of the ‘‘i’’- 
line females (Table IIIa), is hard to evaluate, for 
in any experiment of this kind a sampling error 
may be expected. However, this gradual in- 
crease in mortality, although present, did not 
occur so noticeably in the second test cross. 

In view of the fact that there is a single domin- 
ant gene present in the field strain, evident 
from the experiment presented in Part I, the 
mortality values for the females from the test 
crosses strongly indicate that although there 
might be other resistance, a gene which is either 
an allele of the R factor or very closely linked to 
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it is present in the field strain. As we have no 
method at present to distinguish between close 
linkage and allelism we may assume that there 
is a gene present in the field population which is 
an allele of the R factor. Further indication of 
the presence of an allele to the R factor is pre- 
sented in the next experiment. 


A SECOND TEST FOR ALLELISM 


At the same time the F, and backcross en 
masse matings in Part I were made, a third en 
masse cross of (susceptible 2 @ x field re- 
sistant oo’) F, females was made to pure 
resistant (R/R) males from the IR-1 strain. 
Results of the F; of this cross are shown in Table I. 
No or low mortality was expected from this cross 
and although the mortality of F; males from 
this cross (RF /+ 9? 9 xR/Ro &) was higher 
than would be expected from males having the 
genotype R/+ or R/R, the samples tested were 
too small to attach great significance to the 
results. 


TABLE IV 


MATINGS FOR ALLELISM TO R Factor, 
+99oX 


TEST BY EN MASSE 
F, BY RANDOM MATING OF CROssS FIELD 


X? VALUE ON 


Basis OF EXPECTED 


6.2% Mortarity | 


PROBABILTY 
VALUE 


NUMBER | 
DEAD*® 


SEX | NUMBER 
TREATED | TREATED | 


| 0.70-0.80 
| 0.05-0.10 
| 0.05-0.10 
<).01 
| 0.10-0.20 
<0.01 
<0.01 


0.100 
3.138 


Female | 300 | 26 
Female 373 32 3.625 
Female 412 43 12.654 
Male } 582 | 49 | 2.659 
419 . 42.89 | 
45 13.58 


one ON ee | 


| 
| Female | 567 
| 
| 
ly 
oe 


with 


“Twenty -four hour mortality after treatment 


7.6 ug DDT/fly. 


An F; was obtained by allowing random mating 
of the F, flies. According to the same reasoning 
applied to the first test for allelism, if the field 
resistant gene were an allele of the R factor, 
one-sixteenth of the progeny resulting from 
this gene pool would be susceptible. If the 
field resistant gene were on a different chromo- 
some than the R factor, 9/64 or 14% of the popu- 
lation would be susceptible. 

Results of this test are shown in Table IV. 
Three tests out of four on the females gave good 
probability values for a 15: 1 ratio, which is re- 
markable considering the possible variables in- 
volved with random mating. In the fourth test 
the resulting ratio deviated from the expected 
ratio because of one sample of 55 flies in which 
the mortality was 20. When this sample was 
not included in the analysis the Chi-square value 
for the remaining 334 flies was 0.036, and the 
probability value between 0.50 and 0.70. 

The males in this test again proved to be more 
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susceptible than the females. Only one test out 
of threé gave good probability values for a 15: 1 
ratio, the other two tests deviating considerably 
in favor of susceptibility. 

The above results again indicate that the 
autosomal dominant gene present in this field 
strain is very likely an allele of the R factor. 


DISCUSSION 


It would be difficult to attribute the results 
obtained from these tests on the field strain 
females as being due to other than an autosomal 
dominant allele of the R factor. It is proper 
then to consider some conditions that may be 
influencing the expression of resistance in the 
field male house flies. 

The extreme deviations of males in favor of 
susceptibility did not occur in previous work 
with the R factor nearly to the extent that the 
deviations occurred in the field males. The R 
factor, however, was studied by means of two 
inbred strains which had been selected for 
fertility and hardiness. The pure inbred strains 
although weak and rather infertile, when crossed, 
produced tremendously hardy and large F,’s and 
fairly large and hardy F,’s. The conglomerate 
field strain, not having been so selected nor in- 
bred, would have been of necessity highly hetero- 
zygous. Thus, strain differences in genetic 
background for the R factor would probably 
account in part for the more susceptible field 
males. 

A consideration of the physiological nature of 
the R factor would possibly help account for the 
deviation in the field males. It has been re- 
cently demonstrated that the R gene is involved 
in an enzymatic process, the presence of the 
gene being directly correlated with the break- 
down of DDT to the non-toxic DDE. Because 
the RF gene appears to be an allele of the R 
factor, there is good reason to believe that the 
physiology of the two genes is similar. The 
success of this resistance mechanism of break- 
down to a non-toxic substance could be in- 
fluenced by a balance between the rate of ab- 
sorption of DDT and the activity of the enzyme, 
dehydrochlorinase. There is some evidence for 
the existence of such a balance, in that rapid 
knock-down of R flies with subsequent recovery 
frequently occurs. In addition, it has been 
demonstrated by Vinson and Kearns (1952) that 
DDT is more toxic at lower temperatures, but, 
again, recovery will occur if the treated flies are 
warmed to room temperature. Therefore, if a 
necessary balance between absorption rate and 
detoxification rate does exist, the general hardi- 
ness and especially the size of the fly would have 
a decided effect, the chances of survival being 
less below a certain ratio of surface area to in- 
ternal volume. 

However, size differences alone cannot com- 
pletely account for the variation in survival 
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among flies carrying the R factor, for some 
extremely small flies have been observed to 
withstand a dose of 7.6 ue DDT /fly. Modifying 
genes which influence the penetrance of resistance 
in males more than in females might account in 
part for the sex difference in expression. Further- 
more, although there is no evidence here for 
believing that cytoplasmic inheritance or enzyme 
adaptation affects the expression of this resistance 
factor, the possibility of some cytoplasmic in- 
fluence should not be ignored, especially in view 
of the physiological nature of the R gene. 

In any event, the results obtained from this 
genetic study indicate that there is only one 
single autosomal dominant gene present in 
Illinois field populations which is responsible for 
high level resistance to DDT, and this gene is 
likely an allele of the R factor. Resistance in- 
heritance factors other than autosomal dominants 
have been reported in the literature and, although 
we did not attempt in this study a general genetic 
analysis of field resistance, we also found an 
“unstable” intermediate resistance, which would 
indicate the presence of more than one type of 
resistance to DDT in these field flies. 

Therefore, we tend to agree with the opinion 
of Maelzer and Kirk (1953) that this single 
dominant gene or its alleles could be in general 
the primary genetic mechanism for high resistance 
in field populations, and that other factors, 
although present, would contribute to a lesser 
type of resistance. 

From a previous study (Lichtwardt 1955) the R 
factor was found to have little effect, if any, on 
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the fertility of house flies. This added to the 
fact that the R gene is dominant would suggest 
that DDT resistance in house flies will persist in 
field populations after DDT is abandoned as a 
means of house fly control. 


SUMMARY 


1. By means of mass crosses between a field 
strain, individuals of which were phenotypically 
resistant, and a laboratory susceptible strain, 
only one autosomal dominant gene for high 
resistance to DDT was found. 

2. Two tests, one by single pairs, the other 
by means of mass crosses, indicated this gene to 
be an allele of the R factor. 

3. Certain discrepancies which occurred in the 
results of the male field flies in the tests for 
allelism are discussed. 
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A CHALCIDOID PARASITE OF COCKROACH EGGS 
(Hymenoptera: Eulophidae; Orthoptera: Blattidae)! 


LAFE R. EDMUNDS, Department of Zoology and Entomology, Mississippi State College 


INTRODUCTION 

Tetrastichus hagenowii (Ratzeburg) is a com- 
mon and widely distributed parasite of cockroach 
eggs. Numerous instances of parasitization of 
oothecae by this hymenopteron are on record, 
but little has been published regarding its 
biology. Muesebeck ef al. (1951) lists the 
oriental cockroach Blatta orientalis Linn., the 
German cockroach Blattella germanica (Linn.), 
and the American cockroach Periplaneta ameri- 
cana (Linn.) as the hosts of 7. hagenowit. 


'This paper was prepared while the author was at the 
Communicable Disease Center, Public Health Service, 


Dept. of Health, Education and Welfare, Mitchell, 


Nebraska. 


Clausen (1940) reports that many species of the 
subfamily Tetrastichinae, which includes T. 
hagenowii, develop as internal parasites of the 
eggs, larvae, or pupae of other insects. 

The determination of T. hagenowii was made 
through the courtesy of C. F. W. Muesebeck and 
B. D. Burks of the Division of Insect Detection 
and Identification, Bureau of Entomology and 
Plant Quarantine, Washington, D. C. The 
writer is indebted to Dr. Carl Venard and Jay A. 
Buxton of the Department of Zoology and 
Entomology, The Ohio State University for their 
assistance in this study; also to Dr. Louis M. 
Roth and Edwin R. Willis of the Research and 
Development Laboratories, Philadelphia Quarter- 
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master Depot, Philadelphia, Pennsylvania for 


their valuable comments. 


METHODS 


A culture jar containing American cock- 

roaches, parasitized by T. hagenowii, was ob- 
tained by the writer in November, 1952, from the 
insect rearing room of the Battelle Memorial In- 
stitute, Columbus, Ohio, through the courtesy of 
Jay A. Buxton. This culture jar was trans- 
ported by automobile to the Mitchell Field 
Station, U. S. Public Health Service, Mitchell, 
Nebraska, where biological studies of T.hagenowti 
were made during 1953. The culture of parasites 
was maintained by placing additional American 
cockroach odthecae in the culture jar at two- 
week intervals. 

Cork-stoppered shell vials of four dram size 
were used as containers for holding adult para- 
sites during longevity studies, and for incubating 
infected egg capsules. The method used to pro- 
vide food for the adult wasps consisted of a raisin 
mounted on a straight pin inserted into the cork 
used for closing the vial (Peterson, 1949). Raisins 
pinned in this manner and moistened periodically 
usually served for a number of days. During the 
studies on adult longevity and time of development 
inside the egg capsule, examinations were made 
once daily at the same time each day; conse- 


quently the durations given for stages and other 


periods are accurate to 1 calendar day. 


OBSERVATIONS AND DISCUSSION 


Egg capsules of the American cockroach, P. 
americana, were used as hosts for T. hagenowiti; 
therefore, before proceeding with the parasite 
discussion the life cycle of the American cock- 
roach will be briefly reviewed. This cockroach 
requires from 5 to 9 months to become an adult, 
and some adults live as long as 2 years. Gould 
and Deay (1938a, b) list the average number of 
egg capsules deposited per female as fifty. Piquett 
and Fales (1952) give the average number of 
eggs per capsule as sixteen, and the length of 
time required for development from extrusion of 
the egg capsule to hatching as 42 to 63 days. 
The egg capsule is generally glued to some object 
near a food supply. The American cockroach is 
believed to be native to tropical Africa (Rehn, 
1945), whence it has been carried by commerce 
throughout the world. 

Adult 7. hagenowii attack egg capsules of the 
American cockroach after they have been de- 
posited. The female wasp upon discovering an 
oo6theca explores the surface with vibrating 
antennae; she may soon begin to probe it with her 
ovipositor, seemingly selecting by trial and error 
the site of oviposition. She pierces the hard 
outer covering of the egg capsule with her ovi- 
positor and deposits her eggs usually in from 2 to 
5 minutes. Upon completing oviposition the fe- 
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male wasp withdraws her ovipositor and leaves 
the egg capsule. A female wasp is capable of 
parasitizing more than 1 odtheca. Two or more 
female wasps will sometimes oviposit into dif- 
ferent eggs in the same o6theca. When two fe- 
males oviposit in a capsule at the same time, the 
offspring of both develop and mature; however, 
if some time elapses between the ovipositions of 
the two females, the offspring of the second 
ovipositing female may remain as larvae after 
the emergence of the first female’s brood and 
usually fail to mature. 

All of the immature stages of the parasite are 
spent inside the egg capsule. The length of 
time required for development was determined 
by exposing fresh odthecae to adult wasps for a 
few hours, and then incubating them in separate 
vials stoppered with cotton. At temperatures of 
from 70° to 80° F., 7. hagenowti required from 31 
to 60 days to complete development (Table I). 


TABLE I 


DEVELOPMENT OF Tetrastichus hagenowii 
CAPSULES OF Pertplaneta americana 
(JAN.—APRIL. 1953) 


DURATIONS OF 
IN EGG 


NUMBER OF 


Capsutes | DAYS FOR PARASITE DEVELOPMENT 
Date | NUMBER OF 
CAPSULES | CAPSULES 


EXPOSED 


FROM —— . —_____ 


WHICH | | 


EXPOSED MINIMUM | MAXIMUM 


PARASITES | AVERAGE 


EMERGED 


Jan. 14 
Jan. 15 
Jan. 

Jan. 17 
Feb. 2 
Mar. 27 
Mar. 28 
April 1 


( 


T. hagenowii adults emerge from the egg 
capsule by chewing a small exit hole through the 
wall. One exit hole is made in each capsule, 
and all of the wasps emerge through this opening, 

males and females emerging consecutively. The 

males are usually smaller than the females and 
possess nine-segmented antennae which bear 
long setae; whereas the female’s antennae are 
eight-segmented and lack long setae. The ab- 
domen of the newly emerged female is filled with 
a mass of pearly white eggs. The food con- 
sumed during the period of larval feeding is 
sufficient to complete the life cycle as copulation 
and oviposition will take place without the 
adults consuming any additional food. The 
adults are positively phototactic and when dis- 
turbed are capable of jumping for some distance, 
very much like a flea beetle. 

The sizes of individual wasps vary considerably ; 
some exhibit more than twice the bulk of others 
in the same brood. Wasps emerging in large 
broods are generally smaller in size than those in 
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small broods. The differences appear to be cor- 
related with the amount of food available to the 
developing larvae. 

Copulation occurs almost immediately after 
the adult wasps emerge from the egg capsule. 
The male mounts the female from behind and 
moves forward until he is riding on her head and 
thorax; he then leans forward and places his an- 
tennae over the antennae of the female apparently 
catching them and pulling them up and back- 
ward. It is possible that the female lifts her 
antennae voluntarily as a sign of receptiveness, 
as the male attempts to copulate while her 
antennae are raised. While going through this 
behavior pattern, the male vibrates his body 
rapidly and whirls his wings intermittently. 
The male continues to ride on the anterior part 
of the female until she lifts her abdomen; then he 
backs up rapidly bending his abdomen in under 
the caudal end of the female’s abdomen and at- 


TABLE II 


VARIATION IN NUMBER OF ADULTs OF Tetrastichus hagenowti 
REARED FROM EGG CAPSULES OF Periplaneta americana 
ae ese, 3 1953) 


NUMBER | 
RANGE IN 
CAPSULES | 


' | 
NUMBER OF | | 
| FROM WHICH 


PARASITES | : 
PARASITES 
REARED FROM | . 
EMERGED AT 


Each CaPpsuLe* 
THIS RANGE 


TotaL NUMBER 
OF PARASITES 
REARED FROM 

CAPSULES 


MEAN NUMBER 
PARASITES 
PER CAPSULE 


12- 24 76 
25- 49 411 
50- 74 899 
75- 99 0 
100-124 313 
125-149 424 
150-174 329 
175-187 187 


3639 | 93 3 


*Broods of le ss than 75 resulted from a single ovi- 
pisition, broods larger than 100 resulted from multiple 
Ovipositions. 


tempts to copulate. If successful he will remain 
attached in copula for several seconds, but if 
unsucessful, he will often move forward and re- 
peat the same behavior pattern. One male may 
mate with several females. After a female has 
been fertilized the males may continue to mount 
her and grasp her antennae, but she does not lift 
her abdomen and copulation is not carried out. 

Two males will sometimes become attracted to 
a single female, and on several occasions a male 
was observed mounted on the anterior end of a 
female, carrying out the behavior pattern of 
antennae grasping, while another male was 
mounted on the posterior end in the act of 
copulation. 

From as few as 12 to as many as 187 adult 
wasps were obtained from individual egg cap- 
sules; of the 3,639 adults reared from 39 capsules, 
1,229 were males and 1,410 females (Table II). 
The emergence of 69 males and no females from 
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one egg capsule indicates parthenogenetic repro- 
duction. Odthecae were usually exposed to 
many females at the same time, some of which 
were probably unmated; a_ situation which 
would account for the large number of males 
obtained. 

For studies on longevity, 36 adult wasps were 
isolated in separate vials a few hours after they 
had emerged. Provided with food, nine males 
lived from 5 to 23 days, averaging 15 days; 
nine females lived from 19 to 45 days, averaging 
25 days. Nine unfed males lived an average of 
1.7 days, varying between 1 and 2 days; nine un- 
fed females lived an average of 3.5 days. The 
longevity of males provided with food was 
approximately nine times as long as that of 
males without food, and the longevity of the 
females with food was nearly seven times as 
long as that of females without food. 

The eggs of 7. hagenowii are deposited in a 
roach egg inside the egg capsule. In ovipositing, 
the female wasp inserts her ovipositor through 
both the odtheca wall and the chorion of the 
roach egg. The number of eggs deposited at 
one oviposition is variable. Masses of parasite 
eggs float in the liquid contents of the roach egg. 
From 16 to 70 parasite eggs have been obtained 
from a single roach egg upon removing the roach 
eggs one at a time from an egg capsule, breaking 
the chorion, and observing the contents under a 
15X dissecting microscope. 

The egg of T. hagenowii is grayish-white in 
color with a smooth chorion and rounded ends. 
It is approximately 0.4 mm. in length and 0.15 
mm. in width at the widest point. The egg is 
attenuated at the ends, one end being narrower 
and darker gray than the other. 

The number of larval instars was not de- 
termined. The cast skins from fully developed 
larvae were the only larval exuviae observed. 
The rate of development in the egg capsule was 
determined by making numerous dissections of 
parasitized o6thecae at definite intervals after the 
odthecae were exposed to parasitization. This 
information is summarized as follows. 

Hatching generally occurs within the first 24 
hours after oviposition. The newly hatched 
larvae are white and translucent, and it is diffi- 
cult to see them as they float in the liquid con- 
tents of the roach egg. In order to observe the 
first stage larvae it is necessary to break open 
the roach eggs and squeeze out the contents as was 
previously described for recovery of the parasite 
eggs. 

The first stage larvae are about the size of the 
egg and segmentation is difficult to discern; 
except in size they resemble the fully developed 
larvae described below. The larvae develop 
rapidly in the particular roach egg in which they 
hatch, consuming the contents generally in from 
2 to 3 days. The pressure of the growing larvae 
causes the chorion of the roach egg to rupture, 
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the chorion is consumed, and the larvae then 
attack the surrounding roach eggs. 

An undetermined number of stadia occur be- 
tween the first instar and the fully developed 
larva. The intermediate larval instars appear 
to be 14-segmented and have simple one-toothed 
mandibles. They are yellowish in color and have 
a brown mid-gut. There appear to be 10 tracheal 
openings on the lateral sides of the body and in 
general appearance they resemble the fully 
developed larvae. 

The last stage larva, just prior to pupation is 
from 1.5 to 3 mm. in length and 0.25 to 0.75 mm 
in width. The mouth parts are terminal and con- 
sist of simple one-toothed, dark-brown mandi- 
bles. There are 14 segments including the 
segment bearing the mouth parts. The larva is 
widest at the middle and attenuated at the ends. 
Just beneath the epidermis is a layer of whitish 
globules, and a green elongate mass is visible 
under the epidermis on the ventrolateral sides of 
segments 10 and 11. Internally is a bulging 
gray-green gut. The head and first few body 
segments and the last few body segments can be 
telescoped into the other segments. 

Larval feeding is completed usually in from 18 
to 25 days, but may be completed in a shorter 
time if a large brood develops in a capsule. 
During larval development waste products ac- 
cumulate in the alimentary canal. The fully 


developed larvae void long masses of multi- 
lobed, dark-colored fecal material, just prior to 


pupation. The accumulated excretions gener- 
ally form a mass in the ventral portion of the 
odtheca. 

In pupation the caudal ends of the abdomens 
of the pupae are sometimes embedded in the 
mass of waste products excreted by the larvae. 
The excreta gradually harden, holding the pupae 
in a solidly-packed clump. The pupal skins are 
cast by the adults as they crawl out leaving the 
skins attached inside the oétheca. In some in- 
stances the adult wasps are unable to extricate 
themselves completely from the hardened excreta 
and die with their abdomens still attached to 
the pupal skins. 

The new pupa is yellowish-white with pinkish 
eyes; it is from 1.8 mm. to 2.5 mm. in length and 
from 0.50 to 1.0 mm. in width. There is con- 
siderable variation in the size of the pupae, but 
the general features of the adult are recogniz- 
able. The antennae extend transversely across 
the posterior portion of the eyes and then bend 
posteriorly and slightly medially terminating 
near the posterior margin of the second abdom- 
inal segment. The tips of the prothoracic legs 
reach the anterior margin of the abdomen, those 
of the mesothoracic legs reach the middle of the 
abdomen, and those of the metathoracic legs 
extend for a distance of two-thirds the length of 
the abdomen. The ovipositor can be seen along 
the mid-ventral line of the abdomen of the 
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female. The pupae become progressively darker 
as they grow older. In an older pupa the head, 
thorax, and abdomen are black; the legs and 
antennae are yellow; and the eyes are red. 
EFFECT OF PARASITISM ON THE HOST 
A marked contrast was noted between the 
contents of roach egg capsules from which many 
parasites emerged and those from which only a 
few emerged. All of the roach eggs are consumed 
in the capsules where large numbers of wasps 
develop. The capsules from which small num- 
bers of parasites emerge often contain roach eggs 
which are not consumed by the developing 
larvae. Unconsumed roach eggs in parasitized 
capsules desiccate, turn dark-brown in color, and 
generally do not complete development. Masses 
of brown excretions and cast pupal skins were 
left in all parasitized capsules from which adult 
wasps emerged. 


SUMMARY 


T. hagenowti is a parasite of cockroach eggs. 
The female wasp deposits her eggs inside the 
o6theca of a cockroach egg; her eggs generally 
hatch within 24 hours, and the newly emerged 
larvae feed on the roach egg. Within two or 
three days the egg is consumed, and the growing 
larvae rupture and consume the chorion and 
begin to attack surrounding cockroach eggs. At 
temperatures of 70° to 80° F., larval feeding is 
usually completed in from 18 to 25 days, and 
adult emergence occurs in from 31 to 60 days. 

From as few as 12 to as many as 187 wasps 
were observed to develop in a single capsule, 
depending on whether eggs were parasitized by 
one or more than one female. Males and fe- 
males were produced in approximately equal 
numbers. Only males emerged from one egg 
capsule; parthenogenetic reproduction would ac- 
count for the large number of males obtained. 
Courtship, copulation, oviposition, and emergence 
of T. hagenowii are described. Roaches failed to 
complete development in most of the parasitized 
egg capsules studied. 
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MOSQUITOES OF THE SHIRE RIVER SYSTEM, NYASALAND! 


LEWIS BERNER 
Department of Biology, University of Florida 


During the months of July, August, and early 
September, 1952, I was fortunate in being able 
to travel extensively through the southern half 
of Nyasaland, British Central Africa, collecting in- 
sects of medical importance, particularly mosqui- 
toes. Little attention has been paid to the 
culicid fauna of Nyasaland in recent years, and 
these collections resulted in the addition of a 
number of species to those already recorded, in 
spite of the fact that they were made during the 
dry season. 

The Nyasaland Protectorate is a narrow strip 
of East-Central Africa with north-south orienta- 
tion and includes an area of about 37,800 square 
miles. It extends for some 520 miles between 
9°45' and 17°16' south latitude and lies between 
33° and 36° east longitude, varying in width be- 
tween 50 and 100 miles. The southern half of 
the country is bounded by Mozambique, with 
Southern Rhodesia above this on the west and 
Tanganyika on the north and northwest. 

The majority of the collections were confined 
to the Shire River, the only major stream in the 
country, and its watershed. The river emerges 
from the southern end of Lake Nyasa about four 
miles north of the village of Fort Johnston and 
flows southward to join the Zambesi in Mozam- 
bique some fifty miles south of Port Herald, the 
southernmost town in Nyasaland. 

The river, because of the nature of its bed, is 
subdivided into three sections: the Upper Shire, 
from Lake Nyasa to Matope; the Middle Shire 
from Matope through a series of rapids, in which 
a considerable drop occurs between Lake Nyasa 
and the Zambesi, to the foot of Murchison Falls; 
and the Lower Shire from the foot of the last 
falls to the Zambesi. 

The climate of the country is of the monsoon 
type with the year divided into a summer wet 
season and a winter dry season. Because 
of the seasonal shift in air mass relations, 
the country receives moist air for one-half the 
year and dry air for the other. The rains usually 
begin in October and continue until May, al- 
though most of the rain falls between December 
and March, and in some years there may be none 
at all until December. There is also sometimes a 
slackening or cessation of the rains in January 
causing a “‘little dry season”’. 


‘Tl am deeply indebted to Dr. Archie F. Carr, Depart- 
ment of Biology, University of Florida, and Mr. George 
Hopper, Sanitary Officer, Zomba, Nyasaland, for their 
assistance and companionship during this study. 


Nyasaland shows marked geographic and topo- 
graphic variation in both temperature and rain- 
fall. In general there may be delimited a wet 
northern end of the country, a moderately wet 
southern end, and a dry middle. As about 8% 
of the country is above the 6000 foot contour, 
the tributaries of the Lake Nyasa-Shire River 
system receive a fairly reliable supply of rain in 
their headwaters and there are among them a 
number of permanent streams. 

The vegetation of Nyasaland is largely of the 
monsoon forest or savanna forest type, composed 
of open woods with small to medium-sized, 
partly deciduous trees with greater or lesser ex- 
panses of short or tall grass beneath or separating 
them. The most widespread type is a Brachy- 
stegia miombo with varying admixture of other 
trees. Azonal types include steppe that ap- 
proaches true desert in scattered rain shadows, 
and the moist cool gallery and fringe forests along 
the water courses, with closed canopies and the 
look of true rain forest. 

During the survey both larval and adult 
mosquitoes were collected whenever possible. Al- 
though the collections were taken during the 
period of least favorable weather for mosquitoes, 
thirty-five species were collected, including twelve 
not previously recorded from the country. 

The following discussion includes the names of 
the species found, conditions under which the im- 
matures were living, and places and dates collec- 
tions were made. 

*Uranotaenia balfouri Theobald*—This the first 
recorded occurrence of the genus Uranolaenia in 
Nyasaland. Only larvae were collected and 
these but once. They were found in a swamp 
behind the beach on the southeast shore of Lake 
Nyasa. Many other culicine larvae were found 
in the shallow water covering the rather mucky, 
black soil. The swamp, or dambo, had rich 
growths of papyrus, cat-tail, and other emergent 
and submerged aquatic plants. The collections 
were made on July 4. 

*Uranotaenia mashonaensis Theobald—A sec- 
ond species of this newly recorded genus was 
represented by a single collection. The larvae 
were taken in the shallow water of an arm of 
Elephant Marsh behind the village of Gandi, 
which is located about six miles north of Chiromo. 
The ground here was mucky and there were 


2New records from Nyasaland are indicated by an 
asterisk. 
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extensive growths of cat-tail as well as low grasses 
in which culicine and anopheline larvae were 
numerous. The larvae were collected on July 17. 

Aedomyia africana Neveu-Lemaire— Both adults 
and larvae of this species were collected... Larvae 
were collected twice. The first time they were 
taken on July 6 at the village of Chimwala, a 
small settlement on the banks of the Shire about 
one mile below Ntundu. The collection was 
made in a backwater which extended inland to 
form part of a large dambo. There was much 
papyrus and other aquatic sedges and grasses as 
well as a very dense covering of a beautiful, 
large-leaved species of Azolla. The larvae were 
taken from among the latter masses of floating 
plants. It has previously been reported (Berner, 
1947) that the larvae are sometimes associated 
with Lemna as well as with Pistia. This Azolla 
association adds a third type of habitat in which 
the species can be found. The second larval col- 
lection was made on August 22 from the water of 
an extensive drying swamp about two miles north 
of Port Herald. Both larvae and pupae of A. 
africana were collected from around the roots of 
Pistia. 

Adults of A. africana were collected at night at 
Ntundu on August 7; at the Tengadzi Camp 
near Elephant Marsh on July 17 and 22; and at 
Chiromo on July 25-27. 

Ficalbia splendens (Theobald)—Larvae were 
collected from an arm of Elephant Marsh two 
miles south of Chiromo on July 26 and 29. They 
were found to be most numerous around the 
floating Azolla plants where they were not packed 
into dense mats. Cat-tails were numerous and 
the Azolla clumped around the emergent stems. 
Where the emergent plants were less dense or 
absent, the Azolla tended to drift and the mats 
opened considerably, particularly toward deeper 
water. On August 22, additional specimens were 
taken in association with larvae of Aedomyia 
africana from Pistia in Elephant Marsh, two miles 
north of Port Herald. This association of the 
larvae with Azolla offers a second exception to 
Hopkins (1952) statement that the association of 
F. splendens larvae with Pistia “‘appears to be 
absolute’. 

Ficalbia mimomyiaformis (Newstead)—A few 
larvae of this species were found in deep pot-holes 
on the rocky shore of the Shire River at Mpata- 
manga on September 2. The surface of the water 
in the holes was covered with duckweed (Lemna 
sp.) that had unusually long roots. Adults were 
collected at night in Chiromo on July 25 and 29. 

Taeniorhynchus metallicus (Theobald)—Adult 
females of this species were found in early morn- 
ing resting on the walls of buildings at the 
Tengadzi Camp on July 16 and at Chiromo on 
July 18. 

Taeniorhynchus chrysosoma Edwards—A single 
adult female was found in early morning resting 
on the wall of the Tengadzi Camp building on 
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July 17. Three additional females were taken at 
light at Ntundu on the night of August 8. 

Taeniorhynchus africanus (Theobald) This 
species and 7. uniformis were found only in the 
adult stage, but in that form, they were the 
most numerous and most troublesome mosquitoes 
encountered during the survey. Locally these 
species are known as the “‘grass mosquito’’. In 
places along the Shire River and in Elephant 
Marsh during the dry season, these mosquitoes 
make it virtually impossible to work. They 
bite viciously in bright sunlight, in shade, and at 
night. 

T. africanus adults were collected at the follow- 
ing places: 

Chiromo, July 24-29; ravine on Cholo- 
Chiromo road, July 29; Elephant Marsh, 
July 17; Nchaula, August 27; Ntundu, 
July 2-7; Port Herald, August 21-27; 
Tengadzi Camp, July 16-22. 

Taeniorhynchus uniformis (Theobald) 

were collected at the following places: 
Chiromo, July 24-29; Elephant Marsh, 
July 17; Nchaula, August 27; Ntundu, 
July 2-7; August 9, 12, September 3; Port 
Herald, August 21-27; Tengadzi Camp, 
July 16-22. 

Aedes aegypti (Linnaeus)—A few larvae of this 
important species were found in water standing 
in a tree stump at the edge of a stream (the 
Tuchila) nine miles east of Cholo. They were 
collected on August 18. 

Aedes lamborni Edwards—A few specimens of 
A. lamborni were collected with the A. aegypti 
larvae from the tree stump mentioned above. 

Aedes circumluteolus (Theobald) and Aedes al- 
bothorax (Theobald)—A few adult females of 
these two species were taken in a dry ravine 
bottom near the Cholo-Chiromo road on July 29. 
At the same time, 7. africanus adults were plenti- 
ful and biting viciously. 

Culex ligripes Grandpré and Charmoy—The 
carnivorous larvae of this species were taken on 
several occasions and adults were reared from 
some of them. The larvae were found in a variety 
of places. They were first collected from water 
standing in a hippopotamus footprint where they 
were associated with numerous larvae of Culex 
duttoni. Tne footprint was in a swampy _back- 
water along the shore of Lake Malombe and the 
specimens were taken on July 2. A second col- 
lection of the larvae came from an arm of Elephant 
Marsh behind the village of Gandi on July 17. 
Here they were associated with Uranotaenia 
mashonaensis. Larvae were also collected on 
August 8 from stagnant pools in the bed of the 
Nkazi, a stream about 28 miles south of Ntundu. 
The pools contained dense mats of algae in which 
the larvae were abundant. On August 18, addi- 
tional specimens were collected from pools along 
the banks of a small stream (Tuchila) nine miles 
east of Cholo and from similar pools along the 
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banks of the Ruo River east of Mlanje. A few 
larvae were taken on August 19 from rock 
pools in the bed of a stream eleven miles east of 
Limbe. All larval specimens collected were 
found in the types of habitats that might be 
expected for this species. 

Adults were collected only once. 
taken at night at Chiromo on July 27. 

Culex insignis (Carter)—Larvae of C. insignis 
were found on four occasions. The first collec- 
tion was from an arm of Elephant Marsh behind 
the village of Gandion July 17. The larvae were 
associated with those of Culex tigripes and Urano- 
taenia mashonaensis. The second collection on 
July 26 was made two miles south of Chiromo. 
Conditions under which they occurred are de- 
scribed above (see discussion of F. splendens). A 
third series of specimens was collected four miles 
south of the Shire River in a drying part of 
Elephant Marsh. The ground was mucky with a 
vast area of Pistia, Azolla, and Lemna stranded 
in the very shallow: water. Cattle were grazing 
in the marsh and countless footprints held water. 
All the larvae were localized around the Pistia. 
The water was foul smelling and there was much 
dead and decaying vegetation, a type of situation 
that is apparently favored by C. insignis larvae. 
The fourth collection was made from rock pools 
along the bed of a stream eleven miles east of 
Limbe on August 19. 

Adults were collected at night at the Tengadzi 
Camp on July 17 and in a dry ravine bottom on 
the morning of July 29. 

*Culex poicilipes (Theobald)—Larvae of this 
species were first collected on July 4 in the marsh 
lying behind the beach on the southeast shore of 
Lake Nyasa. They were found associated with 
Uranotaenia balfouri. Larvae were again taken 
on July 6 at Chimwala, near Ntundu, in a back- 
water of the Shire River, along with larvae of 
Aedomyia africana (conditions are described 
under that species). A few specimens were 
collected from Pistia clumps in a drying swamp 
two miles north of Port Herald on August 
22. Larvae of Aedomyia africana and Ficalbia 
splendens were taken at the same time. Rock 
holes in the bed of the Shire River in which water 
was standing and in which there were dense algal 
mats produced a few specimens of C. piocilipes. 
This last collection was made on September 2 at 
Mpatamanga. 

Adult specimens were collected at night at 
Ntundu on July 2 and on August 9 and 12. 

*Culex ethiopicus Edwards—The first series of 
specimens of C. ethiopicus were collected on July 
12 at a small stream 18 miles west of Blantyre on 
the Salisbury road. The drying stream was com- 
posed of numerous stagnant pools in which algae 
were growing profusely. Larvae were found 
among the algal strands. On August 8, this 
species was again collected at the Nkazi stream, 
28 miles south of Ntundu, from stagnant pools in 
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its drying bed. Dense mats of algae produced 
many specimens of this larva. A few larvae 
were collected on August 12 from a small pool 
beside the Lingamadzi stream on the east side of 
Lake Malombe. A fourth collection was made 
from rock pools in the bed of the Shire River at 
Mpatamanga where the larvae were present with 
those of C. poicilipes. 

Adults were collected on the night of July 26 
in Chiromo. Other adults were reared from 
larvae collected at the Nkazi stream and from the 
rock pools at Mpatamanga. 

Culex annulicris Theobald—Larvae were col- 
lected from a large backwater in the Nkazi stream 
on August 8. There were extensive algal mats 
in the water and mosquito larvae were common. 
From this series of larvae, adults were reared and 
the identification of the species was thus verified. 

Culex duttoni Theobald—Larvae of this species 
were collected on several occasions, but only in 
water holes of a temporary nature. This finding 
conforms with the statement by Hopkins (1952) 
“. . . Harris (1942), who notes that occurrence 
in ‘cement and iron water tanks and in 
rock-pools green with rotting vegetation’ took 
place in the dry season, which suggests the 
possibility that duttoni normally only uses small 
containers when ground pools are scarce.’’ Lar- 
vae of duttoni were first collected from a deeply 
depressed hippopotamus footprint in a swampy 
area along the shore of Lake Malombe on July 2. 
They were extremely numerous and with their 
swollen siphons resembled Aedes. The second 
time the larvae were collected they were found to 
be abundant in rock pools in the bed of the Ruo 
River where it crosses the Mlanje road. On 
August 18, when the collection was made, the 
water in the pools was fully exposed to the sun 
and the water was rather warm. Another batch 
of larvae was collected on August 19 from rock 
pools along the banks of the Likabula on the 
slopes of Mlanje mountain. The larvae were 
extremely numerous in some pools but were 
absent from those in which tadpoles of Xenopus, 
the clawed frog, were living. 

Culex univittatus Theobald—Larvae of this 
species were first collected from a drying swamp 
about four miles south of the Shire River on July 
29. The insects were associated with larvae of 
C. insignis (habitat described under that species). 
A series of larvae collected at the Nkazi is also 
being referred to this species. The immatures 
were taken on August 8 in company with Culex 
tigripes, C. annulioris, and C. ethiopicus. A few 
adults were also collected at night at Port Herald 
on August 26. 

*Culex simpsoni Theobald—This species was 
first collected from a swamp behind the beach on 
the southeast shore of Lake Nyasa on July 4. 
The conditions there are described under the dis- 
cussion of Uranotaenia balfouri. The only other 
collection of larvae was made at the Nkazi on 
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August 8 where they were abundant in mats of 
algae and around vegetation in the drying stream 
bed. From this latter series of larvae, a number 
of adults were reared for verification of the 
identification. Adults were also collected at the 
Tengadzi Camp on July 18 and 22 and at Port 
Herald on August 26 and 27. 

Culex zombaensis Theobald—A few larvae which 
appear to be this species were found in a pool 
beside the Lingamadzi on the east side of Lake 
Malombe on August 12. They were not abund- 
ant and it took considerable searching to find the 
specimens. The stream flows slowly through a 
bamboo thicket at the point where the collections 
were made. 

Culex trifilatus Edwards—A few larvae of 
trifilatus were collected from a rock pool beside a 
stream (Tuchila) 9 miles east of Cholo on August 
18. The stream is bordered by a relatively 
heavy fringing forest and is well shaded. 

*Culex andersoni Edwards—Larvae and pupae 
of this species were found in great abundance on 
August 15 in rock pools along the banks of the 
Mlungusi stream which flows on Zomba Plateau. 
The stream is swift-flowing and is about 15-30 
feet in width, varying from being extremely 
shallow in the rapids to fairly deep in pools. 
There are cascades and small falls along its 
length. The shore supports a lush vegetation in- 
cluding many tree ferns. The pools in which the 
larvae were found had accumulations of dead 
leaves and some silt in them but there was no 
living vegetation. The larvae were so numerous 
that they could be caught easily by the use of a 
pipette. A series of adults was reared from larvae 
collected here and the larval identification verified 
through identification of the adults. 

*Culex toroensis Edwards and Gibbins—Larvae 
of toroensis were collected atop Zomba Mountain 
on August 15 along with those of C. andersoni 
(see above). 

*Culex decens Theobald—Two series of larvae 
which I am referring to decens were collected in 
Nyasaland. The first of them was taken on 
August 8 in the Nkazi stream about 28 miles 
south of Ntundu. The larvae were found in 
drying pools in the stream bed where there were 
dense growths of algae. The second group was 
found on August 18 at a stream 9 miles east of 
Cholo. The larvae were living in rock pools be- 
side the main stream. 

Culex perfuscus Edwards—On July 29, a few 
larvae referable to this species were collected from 
a drying part of Elephant Marsh four miles south 
of the Shire River. Conditions there have been 
described under the discussion of Culex insignis. 

Culex sp.—A single female that I am unable to 
identify specifically but which belongs to the 
subgenus .Veoculex was collected at Chiromo on 
July 26. 

Anopheles coustani Laveran—This was by far 
the commonest species of Anopheles found outside 
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native houses in Nyasaland. Larvae were col- 
lected on four occasions from typical habitats in 
which there were growths of aquatic and semi- 
aquatic plants. These included swamps, ponds 
and backwaters of streams. On July 6, larvae 
were taken from a backwater of the Shire about 
a mile below Ntundu; a second collection was 
made in a part of Elephant Marsh behind the 
village of Gandi on July 17. On July 29 addi- 
tional larvae were collected from Elephant Marsh 
four miles south of the Shire River, and on August 
8 they were again found in residual pools in the 
Nkazi stream. 

Anopheles coustani tenebrosus Donitz— Although 
the larvae of the various subspecies of coustani 
cannot be differentiated, the adults can generally 
be separated. Adults of this subspecies were 
taken only once in the Upper Shire at Ntundu on 
July 2; however, in the Lower River it was ex- 
tremely abundant. Adults were collected at 
Chiromo from July 24-29; at Nchaula on August 
27; Port Herald, August 21-27, and Tengadzi 
Camp July 16-20. Nearly all of the adults were 
collected at night as they came to light. The 
proximity of Elephant Marsh to the Lower River 
collecting stations undoubtedly can account for 
the great hordes of this species in the Lower 
River. This observation is in conformity with 
DeMeillon’s (1947) statement that “In Portuguese 
East Africa enormous numbers of adults may be 
produced by densely overgrown, shallow swamps 


*Anopheles coustani ziemanni Grinberg—-This 
subspecies, not previously reported from Nyasa- 


land, was found to be more abundant in the 
Upper River region but was also present in the 
Lower River. Specimens were collected at Ntun- 
du on July 2 at night and on July 6 biting at 4:30 
P. M. in bright sunlight. More were taken at 
Ntundu on August 8 and 12. Specimens from 
the Lower River were collected at Port Herald 
from August 21—27 and at the Tengadzi Camp on 
July 17. 

*Anopheles distinctus Newstead and Carter—A 
single female adult of this species was collected 
in a native house in the village of Ntundu on 
July 3. 

Anopheles funestus Giles—Adults of A. funestus 
were found in great abundance in all native 
houses examined. A great majority of the 
females were either engorged or gravid and had 
chosen the cool interior of the buildings as resting 
places. Although the adults occurred in these 
large numbers, it was extremely difficult to locate 
the larvae and only a single collection of them was 
taken. These larvae were found to be common 
in algae in drying pools in the Nkazi stream on 
August 8. Adults were collected at night at 
Ntundu on July 2, August 9 and 12, and Sep- 
tember 3 and in the houses of natives during the 
day on July 3. Many specimens were collected 
at Chiromo at night from July 24-29, and at 
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Nchaula on August 27, while adults were particu- 
larly numerous in the houses in a small native 
village about two miles north of Chiromo on 
July 18. Specimens were collected at Port 
Herald on August 26 and from the houses in a 
small village just north of Port Herald on the 
same date. Chiromo, Nchaula and Port Herald 
are all in the Lower River region of Nyasaland 
and are adjacent to the extensive bordering river 
swamps. 

The scarcity of larvae and the abundance of 
adults at the same time is difficult to explain. 
DeMeillon (1947) says “Dr. Garnham, in litt. 
has drawn my attention to a rather important 
practical point, first mentioned by Macgregor 
(1924) and well known to all who have had field 
experience with this species, and that is the 
difficulty that may sometimes be experienced in 
finding larvae, especially in swamps, even when 
adults are numerous in habitations.” 

*Anopheles seydeli Edwards—A single larva of 
this species was collected on August 12 at the 
Lingamadzi stream not far from where it flows 
into Lake Malombe. The water was moving 
very slowly through a bamboo thicket and was 
about four feet deep in mid stream. The larva 
came from an area where the flow was almost 
imperceptible and where there was a mass of 
detritus behind an obstruction in shallow water. 
A single adult female was collected at the Ten- 
gadzi Camp on July 22. 

Anopheles gambiae Giles—As might be expected 
when mosquito collections are made during the 
dry season, specimens of A. gambiae were not 
plentiful. Larvae were collected five times during 
the survey. The first collection was on July 5 at 
the village of Mpambazula south of Monkey Bay. 
At the side of the road there was a drying pool 
with the earth becoming dry and cracked as the 
water receded. The water was muddy and 
there was neither vegetation in it nor shade over 
it. An examination revealed large numbers of 
A. gambiae larvae and pupae throughout the 
pool. Adults were reared from some of the larvae 
to verify the identification. Larvae were also 
collected in a pool near a stream twenty-two 
miles north of Chiromo on July 24, and on July 
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28 additional specimens were taken from residual 
pools in mid-stream of the Mwanza stream about 
twenty miles south of Chikwawa. In both cases 
the pools were shallow and fully exposed to 
the sun. The last larval collection of gambiae 
was made on August 19 at a stream about 11 
miles east of Limbe where they were found in 
pools beside the main stream. Larvae collected 
on August 8 at the Nkazi stream were reared and 
identification confirmed. <A few adult A. gambiae 
were collected at night at Ntundu on July 2 and 
on August 12 and at the Tengadzi Camp on 
July 16. Other adults in small numbers were 
collected in native houses at Ntundu on July 3, 
at a small village just north of Port Herald on 
August 26, and at a village about two miles 
north of Chiromo on July 18. Large numbers of 
larvae were seen in drying water holes near the 
last village. 

*Anopheles rufipes (Gough)—Larvae which I 
am referring to this species were collected on 
July 12 in a drying stream about 18 miles west of 
Blantyre on the Salisbury road. The larvae were 
found living among algal mats in the stagnant 
water. 

Anopheles pharoensis Theobald—-Two adult fe- 
males of this species were collected at night in 
Chiromo on July 25. 
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THE GEORG STATZ COLLECTION OF FOSSIL INSECTS 


The Los Angles County Museum has recently acquired 
the Georg Statz collection of fossil insects from the 
Tertiary of Germany. This collection consists of more 
than 6000 specimens (including approximately 700 
types) in an excellent state of preservation. Although 
the specimens are predominently insects, many plants 
and a few vertebrates and fresh water shells are included. 

The material, in a shale matrix, was collected in 
Oligocene fresh water deposits near Rott, Germany. 
It represents 30 years of diligent collecting and research 
undertaken by the late Dr. Georg Statz through the 
facilities of the University of Cologne. 

Approximately two thirds of the collection is ex- 


cellently curated and represents nine orders of insects 
as follows: Orthoptera, Isoptera, Neuroptera, Hemip- 
tera, Coleoptera, Mecoptera, Trichoptera, Diptera and 
Hymenoptera. The results of research on this material 
have been published in recognized journals of science, 
dating from 1930 to 1952, the bulk in ‘‘Palaontographica”’, 
Stuttgart, Germany. Represented in the unworked 
material are the following orders: Thysanoptera, 
Odonata, Plecoptera, Hemiptera, Homoptera, Coleoptera, 
Trichoptera, Diptera and Hymenoptera. 

In the near future the collection will be available for 
research and those interested in this phase of entomology 
are invited to use the Museum’s research facilities. 





A GROSS STUDY OF THE NERVOUS SYSTEM OF THE LARGE MILKWEED 
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INTRODUCTION 


Although Oncopeltus fasciatus is an insect fre- 
quently used as a subject for experimentation, 
relatively little has been published regarding its 
morphology and biology. Hood (1937) discussed 
the anatomy of the digestive tract and included a 
sketch of the nervous. system. Butt (1949) 
reported the embryonic development of the 
milkweed bug and Niswander (1951) studied the 
life history and respiration. Elson (1937) in- 
cluded an excellent description of the nervous 
systems of the Hemiptera in general. Cazal 
(1948), in describing the post-cerebral glands of 
insects, included a drawing of the nervous system 
of Lygaeus equestris, a representative of the 
family Lygaeidae, as is Oncopeltus fasciatus. 
Andre (1934) reported on the biology of the 
milkweed bug. Other papers contain descriptions 
of nervous systems of various Hemiptera not 
closely related to the milkweed bug. 

The generalized nervous system of insects lies 
in the mesal line just entad of the body wall. 
That part lying above the anterior end of the 
stomodaeum and enclosed within the cephalic 
capsule is the brain; the postcephalic portion 
lying beneath the alimentary canal and extending 
caudad through the thorax and abdomen is the 
ventral nerve cord. This cord is characteristically 
composed of median metamerically arranged 
ganglia and paired longitudinal connectives. Con- 
siderable modifications of this generalized condi- 
tion exist in a number of orders, including the 
Heteroptera, or true bugs. There is a tendency 
for the ganglia of the ventral nerve cord to migrate 
anteriorly and to unite with each other, referred 
to by Snodgrass (1935) as condensation. This 
forward migration and fusion of ganglia results in 
the shortening and disappearance of connectives 
and commissures, the ultimate being reached in 
the cyclorrhaphous Diptera. The milkweed bug 
represents an advanced degree of condensation and 
centralization of the thoracic and abdominal 
ganglia with a resulting elongation of abdominal 
lateral nerves. 


METHODS 


The bugs for this study were reared in the labor- 
atory on milkweed seeds. Living specimens were 
either (1) injected with Kahle’s fluid or Carnoy’s 
fluid No. 2 and immersed in the fixative, or (2) 

1Authorized for publication on December 13, 1952, as 
paper No. 1775 in the journal series of the Pennsylvania 
Agricultural Experiment station. 


heated to 70° Centigrade, opened for study and 
flooded with Kahle’s or Carnoy’s fluids. These 
methods proved to be the most satisfactory of any 
attempted. All dissections were dorsal, using 
either 70% alcohol or Ringer’s solution as a dis- 
secting fluid. 

Entire nerve tracts, dissected from the insect, 
were stained in borax carmine, destained in acid 
alcohol and fixed in alkaline alcohol. The tissue 
was then dehydrated in dioxane, cleared in 
xylene and mounted in balsam. In differentiating 
between nerves and tracheae live dissections were 
made under Ringer’s solution, then stained with 
methylene blue in physiological saline. Speci- 


mens fixed before dissection responded to acid 
fuchsin in differentiating neryes from tracheae. 


DESCRIPTION 


The nervous system of Oncopeltus fasciatus is 
concentrated in the head and thorax (Fics. 2, 3). 
It consists of a brain; a suboesophageal gan- 
glion lying directly beneath the brain and fused 
with it; an ovoid-shaped prothoracic ganglion; 
and finally a prominent elliptoid-shaped central 
ganglion [pterothoracic ganglion of Malouf ac- 
cording to Woolley (1949)] which is contained 
wholly within the mesothorax. 


The Head Ganglia 


The supraoesophageal ganglion or brain is 
the dorsal ganglionic center of the head and oc- 
cupies the posterior half of the head capsule. It 
lies just above the oesophagus and caudad of the 
pharyngeal pump, and extends between the com- 
pound eyes in approximately a flattened ‘“Y’’- 
shape. The brain is formed by the coalescence 
of the first three neuromeres of the embryo, re- 
sulting in a brain of three divisions or regions. 
In the completed organ, this three-fold division 
is maintained at least in its internal organization 
and is somewhat apparent in the external contour 
of the adult brain. These divisions or regions are 
designated as the protocerebrum, the deutocere- 
brum, and the tritocerebrum respectively. 

The protocerebrum is the dorsal and largest 
portion of the cerebral mass, and consists of the 
protocerebral and optic lobes which impart the 
“Y”’’-shape to the brain. The protocerebrum 
represents the fused ganglia of the optic segment. 

The protocerebral lobes (Fic. 1) are the two 
prominent swellings just cephalodorsad of the 
oesophagus. They are fused medially forming a 
bilobed ganglion which is the base of the ‘‘Y’’ or 
juncture of its lateral arms. The slender stalked 
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ocellar pedicels (Fic. 1) arise from the dorso- 
anterior surface of this ganglion, one from each 
bulb of the protocerebrum. Extending laterad 
from the protocerebral lobes, and connected to 
them, are the two rounded bulb-like swellings of 
the optic lobes (F1G. 1) which gradually constrict 
and narrow into the optic nerves. These optic 
nerves (Fic. 1) expand and innervate the com- 
pound eyes. 

The deutocerebrum is represented by the 
ganglia of the antennary segment. It is com- 
posed of the paired antennary lobes (Fic. 4) 
which are the prominent elongate swellings situ- 
ated on the anteroventral aspect of the brain. 
Each lobe gives rise to an antennal nerve (FIGs. 
1, 4). Only the tips of the antennal lobes can be 
seen in dorsal aspect. 

No tritocerebral lobes are externally apparent. 
Although of tritocerebral origin, the roots of the 
frontal ganglion (Fic. 1) arise from the inner 
ventrolateral surfaces of the antennal lobes and 
form an arch-like structure between them. 

The suboesophageal ganglion (Fics. 1, 4) lies 
directly beneath the juncture of the protocerebral 
lobes of the brain and extends beneath the 
oseophagus, comprising the triangular shaped 
ventrocaudal portion of the cephalic mass. The 
anterior portion of the suboesophageal ganglion 
is fused with the protocerebral lobes of the 
brain. Ventrally, the ganglion appears to be a 
large, rounded, bulbous-like swelling which ex- 
tends caudoventrally from the brain, gradually 
tapering into two large longitudinal connectives 
which in turn extend caudad and join the pro- 
thoracic ganglion. 

The compact arrangement of the brain and 
suboesophageal ganglion leaves little space around 
the oseophagus and anterior aorta. This cephalic 
mass of nerve tissue invests the latter organs so 
closely that the crura cerebri are not externally 
discernible and are lost in the fusion of the 
supra- and suboesophageal elements. 

Five pairs of nerves (FIG. 4) arise from the 
suboesophageal ganglion, four pairs from the 
ventral surface and the fifth from the dorsal sur- 
face. The first pair arises from the median an- 
terior ventral surface, the second and third pairs 
arise from the anterior lateroventral surface, 
and the fourth pair arises from the caudoventral 
surface of the ganglion. The fifth and last pair 
arises from the dorsolateral surface of the ganglion 
in the caudal region. 


Thoracic Ganglia 

The prothoracic ganglion (Fics. 1, 2, 3) is the 
first ganglion of the ventral nerve chain. This 
ganglion is a cordate structure lying between the 
endosternites of the first pair of legs in the pro- 
thoracic cavity. The width of the ganglion is 
slightly greater than its length. Two large con- 
nectives extend posteriorly from the prothoracic 
ganglion, connecting it with the central ganglion. 


The prothoracic ganglion gives rise to three pairs 
of nerves (Fic. 1). The most anterior pair, or 
first prothoracic nerves, arises from the anterior 
ventral surface of the ganglion and extends 
cephalad. The second pair, or lateral prothoracic 
nerves, arises from the ventrolateral surface and 
extends laterad, innervating prothoracic muscles. 
The third pair, or ventral prothoracic nerves, 
arises from the lateral surface of the ganglion, 
immediately caudad of the lateral prothoracic 
nerves. They extend lateroventrad and innervate 
the prothoracic legs. 
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The central ganglion (Fics. 1, 2, 3) is the very 
large and prominent ovate ganglionic mass situ- 
ated in the mesothoracic cavity. This is the last 
ganglion of the ventral nerve chain and comprises 
the ganglia of the mesothoracic, metathoracic, 
and abdominal segments. It is approximately 
three times the size of the prothoracic ganglion. 
Two large nerves (Fic. 1) extend caudad from this 
ganglion to the seventh abdominal segment and 
bifurcate, branching to innervate the genital ap- 
paratus. A large median nerve (FIG. 1) arises 
from the anterior dorsal region of the ganglion, 
bifurcates shortly with each branch extending 
cephalolaterad. The first pair of central gang- 
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lionic nerves (FiG. 1) arises from the anterior 
ventral margin and extends cephalolaterad. A 
pair of lateral mesothoracic nerves arises from the 
ventrolateral surface of this ganglion, extends 
laterad and innervates the muscles of the meso- 
thorax. The ventral mesothoracic nerves arise 
from the ventrolateral surface immediately caudad 
of the preceding pair, extend lateroventrad, and 
innervate the mesothoracic legs. Two pairs of 
nerves arise from the caudolateral margin of the 


8rain 


Prothoracic 


Central Ganglion 
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Frontal Nerve 
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Antennal Nerve 
Stomotogastric Nerve 


Antennal Lobe 
/ st Suboesophagea/l Nerve 


2nd Suboesophagea! Nerve 


Suboesophagea! 


3rd Suboesophagec! Nerve 
Ganglion 


4 th Suboesophogea! Nerve 


5th Suboesophagea! Nerve 


FIG. 4 


ganglion just caudad of the ventral mesothoracic 


nerves. The anterior pair, or lateral metathoracic 
nerves, arises dorsad of the following pair, extends 
laterad and innervates the muscles of the meta- 
thorax. The second pair, or ventral metathoracic 
nerves, arises from the caudolateral margin, ex- 
tends lateroventrad, and innervates the meta- 
thoracic legs. From the caudal region of the 
ganglion, between the genital nerves and the 
ventral metathoracic nerves, arise the six pairs of 
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abdominal nerves (Fic. 1). The first, fourth, 
fifth, and sixth pairs arise in the same plane from 
the caudal margin of this ganglion. The third 
pair arises dorsad of the fourth; the second pair 
arises dorsad of the third, partially obscuring 
the first pair. Each abdominal nerve extends 
caudolaterad and bifurcates, the two branches in- 


nervating the abdominal segment (FIG. 2). 


The Sympathetic Nervous System of The Head 


The sympathetic nervous system of the head is 
directly connected with the brain. It is dorsal 
in position, lying above the pharynx and formed 
in part by the archlike structure of nerve tissue 
connecting the antennal lobes of the brain (Fics. 1, 
4); this arch is composed of the roots of the 
frontal ganglion. The frontal ganglion gives rise 
to a slender median nerve, the frontal nerve, ex- 
tending anteriorly, and to a thin median nerve 
extending posteriorly along the dorsal surface of 
the oesophagus, the recurrent nerve. Two slender 
lateral nerves, the stomatogastric nerves, arise 
and extend anteriorly from the roots of the frontal 
ganglion near their juncture with the antennal 
lobes. This complex of stomatogastric nerves 
probably innervates the pharyngeal apparatus 
and controls the peristaltic movements of the 
oesophagus. 


SUMMARY 


The central nervous system of Oncopeltus 
fasciatus is similar to the generalized condition 
A com- 
pact cerebral mass (brain) is located above the 
oesophagus and fused with the ventral sub- 
oesophageal ganglion. There is a_ prothoracic 
ganglion in the prothorax and a large central 
ganglion in the mesothorax. The latter ganglion 
is composed of the meso- and metathoracic ganglia 
as well as the abdominal ganglia. 
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SUBSTRATE PREFERENCES OF INSECT CHOLINESTERASES'’ 
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Cholinesterase (ChE) probably has been in- 
vestigated as extensively as any enzyme system 
in the Invertebrata, yet little is known of its 
properties and almost nothing of its preferred 
substrates. Metcalf and March (1950) and 
Babers and Pratt (1951) have studied the sub- 
strate-activity relationships for the cholinester- 
ases of the house fly, Musca domestica L., honey 
bee, Apis mellifera L., and American cockroach, 
Periplaneta americana (L.). With acetylcholine 
(ACh) as substrate these three enzymes showed 
the typical bell-shaped curve, with a sharply 
defined substrate optimum and pronounced in- 
hibition by excess substrate, which is character- 
istic of true acetylcholinesterase (AChE) in ver- 
tebrates (Nachmansohn and Wilson, 1951). How- 
ever, with acetyl-6-methylcholine (AMeCh) the 
fly ChE showed very low activity and a tendency 
toward a humped curve, whereas the bee and 
cockroach ChE showed high activity, no inhibi- 
tion with excess substrate up to 0.3M, and a 
sigmoid substrate-activity curve. At concentra- 
tions of 0.03M and greater, the rate of hydrolysis 
of AMeCh exceeds that of ACh for the bee and 
cockroach ChE. The substrate-activity curves 
for triacetin with fly and bee ChE were also 
sigmoid, while with benzoylcholine (BzCh) very 
little activity was observed. ChE in the head of 
Dacus dorsalis Hendel was found to behave 
almost identically to that of the house fly toward 
ACh, AMeCh, and BzCh (Roan and Maeda, 
1953). 

Certain competitive experiments have been 
carried out using mixtures of ACh and AMeCh 
with fly and bee ChE by Metcalf and March 
(1950) and Babers and Pratt (1951). With fly 
ChE the rate of hydrolysis of the mixture was 
about equal to the rate of hydrolysis of ACh 
alone, while with the bee ChE the mixture was 
hydrolyzed at a rate about equal to the sum of 
the rates of the two substrates hydrolyzed 
separately. Babers and Pratt (1951) consider 
this an indication of the presence of a single ChE 
in fly heads and two independent enzymes in bee 
heads. 

More recently Lord and Potter (1951) found 
that breis from Tenebrio molitor and Tribolium 
castaneum hydrolyzed ethyl butyrate and o- 
nitrophenyl acetate but not ACh, although it was 
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subsequently determined that under the proper 
conditions ChE activity could be demonstrated 
(O’Brien 1953, and Lord and Potter 1953). 

Relatively large amounts of a substance having 
the same physiological action on vertebrate 
muscles as ACh have been demonstrated in 
Periplaneta americana, Calliphora erythrocephala, 
and Phaenicia sericata (Mikalonis and Brown, 
1941, Tobias et al., 1946, and Lewis 1953) and 
the latter investigator has shown by paper chrom- 
atography that this substance has the same R; 
as ACh. Tobias et al. (1946) were able to 
synthesize this acetylcholine-like substance from 
acetate and choline in the presence of breis of 
cockroach nerve cord. ACh at 3 x 10-7 M. to 
1 x 10-* M. has been shown to accelerate the 
rate of beat of isolated heart preparation of P. 
americana and Stenopelmatus longispina, and to 
produce transitory systolic tetany at 1 x 10~* M. 
Treatment with eserine or TEPP sensitized these 
heart preparations to even lower concentrations 
of ACh (Davenport 1949, Krijgsman et al. 1950). 
ACh at 1 x 10-* M. produced a definite increase 
in the spontaneous activity of the ventral nerve 
cord of P. americana (Roeder and Roeder 1939) 
and Roeder (1948) has concluded that normal 
synaptic activity in this insect is dependent upon 
the presence of a certain level of ChE. 

Despite these evidences of physiological ac- 
tivity, the injection of as much as 1000 y/g. of 
ACh and other choline esters into P. americana and 
Locusta migratoria migratoriodes produced no gross 
physiological responses (Hopf 1953, Tobias et al. 
1946) and several investigators have questioned 
the essentiality of ACh and ChE in the insect 
neuro-muscular system. It seems more logical to 
suppose that the highly polar ACh molecule is 
unable to penetrate the insect lipoid nerve 
sheath or synapses. This conjecture is supported 
by the fact that eserine and other tertiary amine 
carbamates are highly toxic to insects but their 
corresponding quaternary salts are devoid of 
activity although both groups of compounds are 
highly active ChE inhibitors (Hopf 1952, Kol- 
bezen et al. 1954). 

A better understanding of the ACh-ChE 
system in insects is important in our studies of 
the mode of action of the anti-cholinesterase 
insecticides such as the phosphoric and carbamic 
acid esters, and a clarification of the many 
questions raised above would be of undoubted 
value in increasing our knowledge of invertebrate 
and comparative biochemistry. Therefore we 
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have extended the previously reported substrate- 
activity studies to encompass a wider variety of 
insect species and a considerable range of choline 
and non-choline esters. Similar studies with 
varying ester types have been carried out by 
Adams and Whittaker (1949, 1950), using 
human-plasma and red-cell ChE’s. 


MATERIALS AND METHODS 


The compounds used as substrates in these 
studies were of the highest purity obtainable. 
Eastman Kodak Company ‘‘white label” esters 
were used without distillation; other esters were 
synthesized in our laboratory and carefully puri- 
fied by distillation, or in the case of the choline 
esters by recrystallization. The enzyme prepa- 
rations were made by homogenizing insect tissues, 
as specified, in a buffer of 0.15M NaCl, 0.04M 
MgCl. and 0.025M NaHCO; and centrifuging 
out the larger particles of cuticle, etc., before 
using the supernatant fluid. 

The ChE assays were carried out by the 
Warburg manometric technic at 37.5°C., as 
previously described (Metcalf and March, 1949, 
1950). In all experiments involving the slightly 
soluble aliphatic esters, the proper amounts of 
these substrates were added to the main compart- 
ment of the flask into a final volume of 2 ml. of 
buffer, and 1 ml. of the brei was added to the 
side arm of the flask. After gassing with 95% 
Ne-5% COsz, the flasks were shaken for 10 minutes, 
the side-arm contents were added to the main 
flask, and after 5 minutes’ additional shaking, 
determinations were made of the volume of COs 
liberated over a 30-minute period. 

All of the aliphatic esters were evaluated at 
substrate concentrations of 0.01, 0.03, 0.1, and 
0.3M. However, because of the limited water 
solubility of the higher molecular weight esters, 
the 0.1 and 0.3M concentrations exceeded the 
solubility limits at 37.5° C., and comparisons of 
activity are valid only at the 0.01M and 0.03M 
levels at which true solutions existed. This solu- 
bility factor made activity substrate-concentra- 
tion relationships for these esters of doubtful sig- 
nificance. All enzymatic hydrolysis rates were 
corrected for non-enzymatic hydrolysis. 


DISCUSSION OF RESULTS 


Substrate-activity curves for ACh and AMeCh, 
using breis from the heads of 18 species of insects, 
are shown in figure 1. The breis in each case 
were made by homogenizing twenty-five insect 
heads in 25 ml. of buffer, so that the activities as 
graphed are proportional to the total amount of 
ChE in the head of each species. It will be 
observed that in the Diptera, Phormia regina 
(Meig.), Rhagoletis completa Cress, Eristalis tenax 
(L.), Muscina stabulans (Fall.), and Phaenicia 
sericata (Meig.) the enzyme behavior was almost 
identical to the house fly. In Culex quinque- 
fasciatus Say, AMeCh was hydrolyzed at a rate 
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greater than ACh, and showed definite inhibition 
by excess substrate. The significance of this ex- 
ception should be minimized however, because 
the very small amounts of head tissue in this insect 
made accurate measurements difficult. The ChE 
in Pogonomyrmex barbatus californicus (Buckl.) 
(Hymenoptera) and in Acheta assimilis F. and 
Periplaneta americana (L.) (Orthoptera) behaved 
in the same way as that in the honey bee. The 
ChE in larvae of Cantharis consors (Lec.), Aglais 
antiopa L. and Heliothis armigera (Hbn.) (Lepi- 
doptera), and in adults of Cicindela oregona Lec., 
Cotinis texana Casey (Coleoptera); Oncopeltus 


fasciatus (Dall.), and Anasa tristis (Deg.) (Hemip- 


tera) was intermediate in character, both sub- 
strates being hydrolyzed at about the same 
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FiGuRE 1. Substrate-activity curves for cholinester- 
ase from head breis of 18 species of insects with acetyl- 
choline and acetyl-6-methyl choline. 


rate. The data for Cantharis consors are of 
particular interest because of the marked dif- 
ferences in substrate optima and the pronounced 
inhibition of activity by excess AMeCh. This 
curve is based on three replicate determinations 
all of which showed the same results. 

The information in figure 1 indicates the 
relative rates of ACh hydrolysis per head for 
each insect species. These data show that there 
is at least a ten-fold variation in the ChE activity 
per head of the various insects. Although in 
some instances this may be accounted for by the 
large differences in head and brain weight, this is 
obviously not the case for such insects as the 
squash bug and the house fly. The latter has a 
ChE activity 14.5 times as great, but a head 
weight only 0.4 (1.6 mg.: 4.2 mg.) as great, as 
that of the former. The ChE activity in the 
Diptera is extraordinarily high and is, as has 
previously been pointed out (Metcalf and March, 





294 


1950; Pratt and Babers, 1953), of the same 
magnitude as that in the electric organs of 
Torpedo and Electrophorus spp. The amount of 
ChE in the insect heads appears to some extent 
to be correlated with the habits and behavior of 
the species. Activity is at a maximum in the 
Diptera and also high in the bee, cockroach, 
cricket, and ant. The adult beetles have a less 
active enzyme, while ChE activity is lowest in 
the sluggish hemipterans, and in the coleopterous 
and lepidopterous larvae. 

It was of interest to evaluate the ChE activities 
of certain scale insects, where it was impracticable 
to separate the head from the remainder of the 
body. The values for the rates of ACh hydroly- 
sis by these insects are compared in Table I 
with the ChE activity of the entire body of the 


TABLE I 
CHOLINESTERASE ACTIVITY OF ENTIRE BODIES OF 
INsSEcTs AT 37.5° C. witH 0.01M ACu 


| 

CO, ACH sPLIT p M. 
ul. per PER HR. 

HR. | ee bes 

PER PER PER MG. 
INSECT | INSECT INSECT 


INSECT 


0.223 
0.073 


1.41 0.063 


Aonidiella aurantu...... 
1.30 | 0.058 


Coccus hesperidum 
Coccus 
pseudomagnoliarum... 7.07 0.316 
Saissetia oleae... 8.70 | 0.364 
Icerya purchast.... | 17.10 | 0.760 
Musca domestica 170.00 | 7.60 


0.079 
0.063 
0.19 
0.38 


the high activity in the fly 


house fly. Despite 
brain, when comparisons are made on the basis 
of the total body weight of the insects, a similar 
degree of activity is found. 


Hydrolysis of choline esters by bee- and fly-head 
breis. 


From the information in figure 1 it appears that 
bee- and fly-head breis represent two distinct 


FIGURE 2. Detailed substrate-activity curves for 
bee- and fly-head cholinesterase with various choline 
esters. 
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and rather widely distributed types of enzymatic 
activity toward ACh and AMeCh. Therefore, 
substrate-activity curves were extended to pro- 


TABLE II 


INHIBITION BETWEEN SUBSTRATES 
FLyY- AND BEE-HEAD ENZYMES 


COMPETITIVE WITH 


BEE HEAD FLy HEAD 


SUBSTRATES | pl. CO2/ | 
| 30 MIN. | 


| wl. CO2/ 
| 30 MIN. 
a. AChHOOIM.........] 195 
. [Ac0.01M..........| 188 

MB dir ane < chine Gh 253 


ACh 0.01M 
. TAc0.03M 


ACh 0.01M 
TAc 0.1M 


ACh 0.01M 
PhAc 0.01M 


ACh 0.01M....... 
PhA 
+j... 


IAc 0.01M 
PhAc 0.01M.. 











TAc 0.03M 
PhAc 0.03M 


AMeCh 0.01M.... 
ACh 0.01M.... 


AMeCh 0.01M.... 
PhAc 0.01M..... 


AMeCh 0.01M.... 
fe PhAc 0.1M 
+v : 








. ACh0.01M 
. 3, 3-DiMeBAc 0.1M 
SE toa. fo wee at 
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pionylcholine (PCh) and butyrylcholine (BCh). 
The information obtained with these substrates, 
together with that on the other choline esters 
previously investigated, is plotted in figure 2. 
Fly- and bee-head breis hydrolyze PCh at 
rates only slightly less than for ACh and 
the substrate-activity curves show pronounced 
inhibition by excess substrate. With BCh neither 
brei is inhibited by excess substrate, and hydroly- 
sis is greater than that of ACh at concentrations 
above 0.03 to 0.05M. Thus the hydrolysis of 
PCh by both breis is like that exhibited by 
specific AChE, but this enzyme does not hy- 
drolyze BCh, while the fly and bee breis hydro- 
lyze BCh in the same manner as nonspecific 
ChE from mammalian serum. However, the 
data in Table II, from experiments with mixed 
substrates, show that for bee-head ChE there is 
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only slight competitive inhibition between ACh 
and BCh, but that BCh and phenyl acetate 
(PhAc) compete strongly; and this indicates that 
BCh hydrolysis may be carried out by an enzyme 
in bee-head brei which is distinct from that 
hydrolyzing ACh. 

As previously reported (Metcalf and March, 
1950; Babers and Pratt, 1951) there is only 
slight competition between ACh and AMeCh for 
hydrolysis by bee brei, although these substrates 
compete for hydrolysis by fly-head brei. Further- 
more, the hydrolysis of both ACh and AMeCh 
by bee brei is inhibited by choline. The data in 
Table II show additionally that AMeCh competes 
somewhat with BCh or PhAc for hydrolysis by bee 
brei. Therefore, it does not appear that the en- 
zyme hydrolyzing AMeCh can be wholly identified 
with those hydrolyzing either ACh, BCh, or PhAc. 


TABLE III 





ACETATE 
MOoLaR ——— 
| CONCENTRATION | 


ALCOHOL 
CHAIN 


PROPIONATE 


FLY | Bee FLy | BEE 


| BUTYRATE 


VALERATE 
BEI 


CAPROATE 


FLY FLY | BEE 


| Fry BEE 


| 0.17 | 0.40 | 0.25 | | 0.16 
| 0.15 | 0.54 0 | 0.25 
| 0.16 | 0.70 


0.01 0 
0.03 0 
0.1 | 0 
0.01 0.32 | 0.19 | 0.74 
0.03 5 | 0.59 | 0.25 10 


0.01 | 0 
0.03 | 0 
0.1 | 0 





0.01 
0.03 
0.1 


0.01 
0.03 
0 


C-C-e-C-C 








0.1 | 0.72 | 0.05 | 


16 
07 | 0.09 | 
09 17 
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Hydrolysis of aliphatic esters by bee- and fly-head 
breis. 


The effect of brei from bee and fly heads in 
hydrolyzing a series of 24 aliphatic acetates, 
propionates, butyrates, caproates, and valerates 
is presented in Table III, where the rates of 
hydrolysis at 0.01, 0.03, and 0.1M are expressed 
as ratios to that of ACh at 0.01M. From these 
data the following conclusions are tentatively 
expressed: 

1. With fly-head brei hydrolysis of aliphatic 
esters is dependent upon chain length and con- 
figuration of both alcohol and acid. 

a. Hydrolysis increases with alcohol chain 
length up to C; and then decreases. 

b. Hydrolysis increases with branching of 
four and five carbon alcohols through the series: 
n-butyl < isoamyl < 3, 3-dimethybutyl acetate. 

c. Hydrolysis in general decreases with in- 
creasing acid chain length from acetate through 
caproate. 

2. With bee-head brei, hydrolysis of aliphatic 
esters is less specific as to chain lengths and con- 
figuration of alcohol and acid and is less affected 
by branching of the alcohol chain. The maxi- 
mum rate is reached with isoamyl propionate. 

The fly brei closely resembles the specific ChE 
of human red cells in its behavior toward these 
aliphatic esters, while the bee brei is more nearly 
like pseudo ChE of human plasma (Adams and 
Whittaker, 1949, 1950). Both human enzymes 
showed an “‘alcohol specificity’ for the choline 
type of structure; maximum rates of hydrolysis 
occurring with 3, 3-dimethylbutyl esters which 
are the carbon analogues of the choline esters. 
The two enzymes differed, however, in that the 
plasma enzyme showed the highest rate of hy- 
drolysis for the butyrate, and the red-cell en- 
zyme for the acetate. 

The data in Table III show that bee-head brei 
is capable of hydrolyzing a very wide range of 
esters, and suggest that more than a single 
enzyme may be present. Tests were made 
comparing breis from entire heads, carefully dis- 
sected brains, and excised salivary glands to 
determine if the salivary glands might be the 
source of general esterase activity. The results 
in Table IV indicate that little if any esterase 
activity is found in these organs. The reduction 
in hydrolysis resulting from the use of the dis- 
sected brains apparently is due to a considerable 
loss in tissue, such as that of the optic lobes and 
subesophageal ganglion, resulting from the dis- 
section. 

It is interesting to compare the esterase activity 
of bee brain with the well-known esterase of 
mammalian liver. Mouse liver split 4.1 uM 
isoamyl acetate (IAc) per mg. tissue per hr. at 
37.5° C. Bee brain (calculated on the basis of 
2.5 mg. per head) split 4.7 uw M. IAc per mg. 
per hr. under identical conditions. 
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Hydrolysis of phenyl acetate. The recent work 
of Lord and Potter (1951, 1953) has suggested 
that esterases hydrolyzing PhAc may play an 
important part in the biochemistry of insects and 
that this system may be a site of action of the 
organo-phosphorus insecticides. Therefore it was 
of interest to compare the hydrolysis of PhAc by 
fly-, bee-, and cockroach-head breis with that of 
ACh and the other aliphatic esters. This com- 
parison was made using the technics discussed 
above and it was found (Table V) that the breis 
from all three insects hydrolyzed PhAc at rates 


TABLE IV 


MICROLITERS OF CO: PRODUCED AT 37.5° C. 
MINUTES 


IN 30 


AceTyL | ACETYL- | ISOAMYL 


| 

| CHOLINE | 8-METHYL | ACETATE 
| | CHOLINE | 
| 


| 0.01M | 0.1M 
Whole bee head 3 per ml. | 
ee coal 


0.01M 


Dissected bee brain 3 per | 
ml. brei... 


Salivary glands 3 per ml. | 


TABLE V 

COMPARISON OF HYDROLYSIS OF PHENYL ACETATE, ISOAMYL 
ACETATE AND ACETYLCHOLINE BY BreEIs OF HousE FLy, 

Honey BEE, AND COCKROACH, 3 HEADS PER ML. 


SUBSTRATE | pul COs PRODUCED in 30 
CONCEN- | MINUTES 
TRATION 
MOLAR 


INSECT 


PHAc 


ACH TAc 


House fly 


0.01 135 | 45 | 106 
0.03 | 5 | 101 123 
0.1 | 66 | 85 | 98 
03 | 83 56 


Honey bee 588 
619 
478 
515 


202 
373 
414 
320 


0.01 
0.03 


Cockroach. 119 | gg] 


which were substantially greater than those for 
ACh and IAc at comparable substrate concen- 
trations. 

Esterases hydrolyzing aromatic esters are ap- 
parently common in_ biological materials. 
Mounter and Whittaker (1953) and Aldridge 
(1953) have shown that AChE, as well as several 
aromatic esterases in mammalian red cells and 
sera, hydrolyze PhAc’s. The hydrolysis due to 
the ChE’s was inhibited by exposure to para- 
oxon, DFP, and eserine at 1 x 10-*M, while that 
produced by the aromatic esterases was insensi- 
tive to high concentrations of these inhibitors. 
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In order to determine if it was possible to 
differentiate between the hydrolysis of ACh, 
TAc, and PhAc by the insect head breis, inhibition 
experiments were carried out with para-oxon. 
When bee brei was pretreated with the para- 
oxon for 30 minutes before the substrate was 
added, the inhibitor concentrations required for 
50% inhibition of hydrolysis were: with ACh, 
1.8 x 10-°M; with IAc, 3 x 10°°M; and with 
PhAc, 7 x 10°°M. Without a preincubation 
period, para-oxon appeared to combine somewhat 
more slowly with the bee enzyme hydrolyzing 
PhAc than with that hydrolyzing ACh. From 
these data it appears that pretreatment with 
1 x 10-*M para-oxon inhibits, on the average, 
about 70 to 80 percent of the PhAc hydrolysis 
from bee-head brei but nearly 100 percent of the 
ACh or [Ac hydrolysis. With fly brei nearly 100 
percent of the hydrolysis of all three substrates 
is inhibited by 1 x 10° M para-oxon. 

TABLE VI 
INHIBITION OF ESTERASE ACTIVITY IN FLY- AND BEE-HEAD 


BREI WITH CHOLINE (CH) AND TETRAETHYL 
AMMONIUM IopIDE (TEA) 


Bree HEAD Fry Heap 


pl. CO:/ 


| ml. CO2 
30 MIN. | 


| 30 MIN. 


SUBSTRATE 


ACh 0.01M 147 | 142 
ACh « + Ch0.1M 31 15 
ACh « + Ch0.03M 60 47 
ACh «“ + Ch0.01M 8&8 59 
ACh . + Ch 0.003M | 145 


ACh 0.01M 198 
ACh “ + TEA0.1M 126 


PhAc 0.01M 342 
PhAc “ + TEA0.1M 284 








TAc 0.01M 114 
IAc « + TEA0.1M 79 


TAc 0.03M 
TAc = 





+ TEA0.1M 
' 


The inhibition of ACh-hydrolysis by quatern- 
ary compounds such as choline chloride (Ch) 
and tetraethyl ammonium iodide (TEA) has 
been used as evidence for the existence of a 
strongly negative, nitrogen-attracting group in 
cholinesterase. This anionic site is present in 
erythrocyte ChE but not in plasma ChE (Adams 
and Whittaker, 1950). This anionic site is 
probably responsible for the autoinhibition shown 
by specific AChE which results in the character- 
istic bell-shaped, activity-substrate curves, such 
as have been demonstrated with most insect 
ChE’s (figure 2). When TEA and Ch were used 
as inhibitors for bee- and fly-head breis with 
ACh, IAc, and PhAc as substrates, the results in 
Table VI were obtained. These data indicate 
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that with fly brei the cations compete strongly for 
the active site on the enzyme surface with ACh, 
and less strongly with PhAc and IAc. With 
bee brei these cations compete to a very signifi- 
cant but lesser degree than with fly brei for the 
hydrolysis of ACh and IAc, but only slightly for 
the hydrolysis of PhAc. 

Hydrolysis of mixed substrates. If the hy- 
drolysis of the choline esters, aliphatic esters, 
and phenyl acetate is carried out by the same 
enzyme, the rate of hydrolysis with mixtures of 
substrates should be lower than that of the 
substrate which is split at the highest rate when 
present alone. The data in Table II were 
obtained from summation experiments of this 
type. From this information it appears that 
definite competitive inhibition occurs between 
all three substrates with both fly and bee brei. 
This suggests that a large portion of the hydro- 
lysis of both [Ac and PhAc is carried out by the 
enzyme hydrolyzing ACh. 

In conjunction with the results of the inhibi- 
tion studies reported it must be concluded in 
agreement with Mounter and Whittaker (1953) 
that competitive inhibition with breis or par- 
tially purified enzymes does not exclude the 
possibility that ‘‘one or both of the pairs of 
competing substrates are being split by enzymes 
which do not attack the other substrate’, and 
that this type of experiment is likely to be 
misleading. 

From the information presented regarding the 
the inhibition of the enzymatic activity toward 
yarious substrates, and the competitive hydroly- 
sis of these substrates, it is possible to form 
tentative conclusions regarding the nature of 
the enzymes in fly- and bee-head breis. There 
seems little doubt that both breis, as well as all 
the other insect-head breis investigated, contain 
a specific AChE, which meets all the criteria 
established by Nachmansohn and Wilson (1951) 
for this enzyme: (1) higher affinity for ACh 
than for any other choline ester, (2) definite 
optimum substrate concentration, and (3) de- 
creased rate of hydrolysis with increased acyl 
chain length. The specific AChE has a strong 
anionic site and is inhibited by cations such as 
tetraethyl ammonium iodide. This enzyme is 
also fully sensitive to inhibition by prostigmine 
and para-oxon at concentrations of 1 x 10° M. 
In the fly brei the specific AChE probably ac- 
counts for the hydrolysis of nearly all the aliphatic 
esters and most of the phenyl acetate split. 
However, in bee-head brei the specific AChE 
accounts for about 80% of the ACh hydrolysis 
and a smaller fraction of the PhAc hydrolysis. 
Here a considerable amount of the PhAc split is 
from the action of an aromatic esterase which is 
insensitive to inhibition by para-oxon and 
prostigmine at 1 x 10-* M and does not appear to 
possess an anionic site. This aromatic esterase 
also splits a small fraction, perhaps 20%, of 
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the ACh hydrolyzed by the bee brei. These 
conclusions are substantiated by the isolation of 
a protein fraction from bee-homogenates, which 
is very active in hydrolyzing PhAc but has only a 
slight activity towards ACh and IAc. This 
enzyme is not inhibited by concentrations of 
para-oxon or prostigmine at 1 x 10-* M, nor by 
tetraethyl ammonium iodide; it thus has many 
of the properties of the aromatic esterase recently 
reported from blood erythrocytes and plasma by 
Aldridge (1953) and by Mounter and Whittaker 
(1953). Details of its isolation and properties 
will be reported in a subsequent paper. 

The enzyme in bee brei responsible for the 
hydrolysis of AMeCh cannot be identified with 
those hydrolyzing ACh or PhAc. 


SUMMARY AND CONCLUSIONS 


The heads of 18 species of insects and the 
bodies of an additional 6 species contain large 
amounts of an enzyme which has all the properties 
of a specific AChE. There is at least a ten-fold 
variation in its activity among the various 
species examined, and this at a maximum in the 
Diptera studied, where the activity per unit 
weight of brain tissue equals that of any known 
natural source of ChE. Maximum amounts of 
AChE activity are associated with highly active 
insects such as the various flies, the honey bee, 
ant, and cockroach. The activity of insect-head 
breis toward the choline esters can be differ- 
entiated into at least two types with regard to 
their behavior toward ACh and AMeCh. 

Breis from fly, bee, and cockroach heads also 
hydrolyze a wide variety of aliphatic esters. 
With fly brei hydrolysis is at a maximum with 
3, 3-dimethyl butyl acetate, the carbon analogue 
of ACh, and with bee brei hydrolysis is at a 
maximum with isoamyl propionate. Both fly and 
bee brei also hydrolyze phenyl acetate at rates 
in excess of those for the choline or aliphatic 
esters. This hydrolysis is partly due to the 
presence of an aromatic esterase with widely 
differing properties from the AChE, which is also 
responsible for a portion of the hydrolysis of the 
choline and aliphatic esters in bee brei and to a 
slight extent in fly brei. The complete elucida- 
tion of the complex nature of esterase activity in 
insect breis must await further experimentation 
and, especially, purification of the various en- 
zymes present. 
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EXPERIMENTS IN HYBRIDIZING ANOPHELES FREEBORNI AITKEN 
AND ANOPHELES PUNCTIPENNIS (SAY) 


ROBERT 


INTRODUCTION 


The first published results, from this laboratory, 
of the hybridization of American anophelines 
reported the crossing of Anopheles quadrimacu- 
latus Say and Anopheles freeborni Aitken (Burg- 
ess, 1948). This cross, between members of 
the en maculipennis complex, followed 
the work of several European investigators in 
crossing Pl of the European maculipennis 
complex. The European experiments were well 
summarized by Bates (1949). 

The present paper reports the hybridization of 
another combination of two American Anopheles 
mosquitoes, A. freeborni and A. punctipennis. 
Only one of these, freeborni, is a member of the 
maculipennis complex, and the two species are 
not usually considered to be closely related. 

These particular species were chosen for the 
following reasons: 

1. Despite differences in adult morphology 
and coloration, certain taxonomic characters of 
the larvae as well as of the male terminalia show 
great similarity between the two species. This 
might indicate a closer relation than is often 
suspected. 

2. Preliminary trials indicated fertile eggs 
could be obtained ee crosses in either direction. 

3. Acolony of A. punctipennis os been estab- 
lished and the original colony of A. freeborni was 
still being maintained at this edtiesy The 
freeborni colony was sub-colonized from a colony 
established by Hardman from specimens taken at 
Marysville, California (Hardman, 1947) 


METHODS 


In order to avoid the accidental introduction of 
undesired specimens into the mating cages the 
following procedures were followed: 

1. Larvae were individually examined and 
placed in pans for pupation. This examination 
was made to rule out undesired species being 
reared in the same insectary. At the same 
time certain taxonomic characters were recorded 
for future comparison with hybrid larvae. 

2. Asa further check, pupae were examined for 
characters of pigmentation (Burgess, 1946). 

3. Pupae were separated according to sex by 
examining them in a drop of water, on a slide, 
under the dissecting microscope. If the water 


of Health, Education, and Welfare, 
National Institutes of Health, 
National Microbiological Institute, Laboratory of 
Tropical Diseases, P. O. Box 717, Columbia, S. C. 


'\Department 
Public Health Service, 


W. 


BURGESS! 


was shallow the pupa rested on its side and a 
projection could be seen ventral to the base of the 
paddles. In the male this process was horn- 
like; in the female it was truncate and notched 
near the tip. 

Male pupae were placed, for emergence, in 
small cages according to species. Females were 
put in individual bobbinet covered tubes (Young 
and Burgess, 1946) in pan of water for 
emergence. 

4. After emergence each female was checked 

closely for sex and species and liberated into a 
small cage which contained only females of the 
same species from the same batch. From this 
cage the females were again examined and trans- 
ferred immediately to a storage cage also con- 
taining only females of the same species. All 
transfers were made with an aspirator or sucking 
tube so constructed that the contents were 
always in full view of the operator. This elim- 
inated the possibility of placing a hidden specimen 
in the wrong cage. 
A period of from one to several days was 
allowed for maturation of the newly emerged 
insects. Then the males and females were 
transferred, for inspection, one sex of one species 
at a time into and out of a temporary cage and 
finally into the mating cage (1.5' x 1.5' x 2') 
where opposite sexes of the two species were 
placed together. 

6. <A plastic sponge saturated with five per- 
cent corn syrup was the only food offered the 
insects up to this point. In the mating cage, in 
addition to the syrup solution, an arm was offered 
for a blood meal and at intervals dishes of water 
were set in the cages to receive the eggs. Dissec- 
tions of female spermathecae disclosed the pre- 
sence of sperm in some females of both species. 
Unfortunately accurate records of the portion of 
females actually inseminated at time of ovi- 
position were not made. 

7. As desired, females were bottled individu- 
ally in net-ended tubes and placed on damp 
filter paper (or other suitable location) for 
oviposition. 

8. Each batch 
groups in a cage 
was treated separately 
hatching and survival. 

The above procedure permitted one larval, 
two pupal, four female adult and three male 
adult inspections before placing the mosquitoes 
in the final mating cage. Errors due to wrongly 
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of eggs, whether from the 
or from an individual female, 
and closely observed for 
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placed specimens are believed to be as nearly as 
possible eliminated. 


RESULTS 


The most reliable criterion of the ability of 
these two species to cross is to be found in a 
comparison of the results of egg deposition by 
individual females. 

Table 1 summarizes briefly the data on cross 
9 (X-9) between A. freeborni males and A. 
puncti pennis females. 

The reciprocal cross (X-10) between A. puncti- 
pennis males and A. freeborni females is sum- 
marized in Table 2. 

Some of the data given are not as complete as 
might be desired. This is due to the necessity of 
devising techniques and procedures as_ the 
experiments progressed, and to the occasional 
failure of the supply of A. punctipennis adults. 


TABLE I 


EGG DEPOSITION AND HATCHING RECORDS 
X-9 (A. freeborni males and A. punctipennis 
females) 
Six Females Depositing Separately Under Individual Jars 


Cross: 


EGGs 
PER BaTtcu No. PERCENT 
EGGs EGcGs 
Harcuen | HatcHEep 


TOTAL 
EGGs PER 
DEPOSITED FEMALE 


No. OF No. OF 
Ovi FEMALES 


POSITIONS | DEPOSITING 


504 | 84 85 16.9 


185 | d | 1.6 
136 | 0.0 
124 | 0.0 
19 | 0.0 
90 | ( | | 0.0 


Total 1,058 88 


Females Depositing as a Group in Pans in Cages. 


Total 2,419 


Examples of insemination were seen (dissections 
of spermatheca) in either cross. However, dis- 
sections were not made consistently and _ per- 
centages of fertilized females were unknown. 
These circumstances probably account for the 
inconsistencies in the rate of hatch between 
group-caged females and individual females in 
X-10 (Table 2). 

In later experiments no females were allowed 
to oviposit until dissections indicated 80 percent 
of them had been inseminated. 

Some females deposited several batches of eggs. 
In X-9 one specimen (not indicated in table) 
oviposited six times with a total of 679 eggs. 
Twelve percent of the first and 1.8 percent of the 
second batch hatched; the remaining batches 
produced no larvae. The average number of eggs 
per batch per female, of all females depositing 
individually in this cross, is given in Table 1. 
The total number of eggs deposited by these 
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females was 1,058 of which 88, or 8.3 percent, 
hatched. 

In X-10 (A. punctipennis males and A. free- 
borni females) one female (not shown in table) 
deposited 296 eggs in five batches. Of the first 
batch 21.5 percent hatched, of the second 37.9 
percent, and of the third 26.1 percent hatched. 
The last two batches did not hatch. The 
average number of eggs per batch per female, of 
all females of this cross depositing individually, 
is given in Table 2. The total number of eggs 
deposited by these females was 754 of which 189, 
or 25.1 percent, hatched. 

Cages of virgin females of each of these species 
have deposited eggs after a blood meal. At 
other times dissections showed well developed ova 
in females where the spermatheca is empty. 
Eggs from the cages of virgin females were 
never observed to hatch. Therefore, it seems 


TABLE II 


EGG DEPoOsITION AND HATCHING RECORDS 
Cross: X-10 (A. punctipennis males and A. freeborni 
females) 
Seven Females Depositing Separately Under Individual Jars 


| | 
EGcGs 
No. OF No. OF ToraL | Per Batcu PERCENT 
Ovt- | 
| 


POSITIONS 


FEMALES Eccs PER | Ecos EcGcs 


DepositING | DEPOSITED FEMALE | HatcHeD | HatcHEeD 


499 | 71 117 

167 56 54 

69 69 18 

| 11 11 0 
Bia 4 0 
| 





Total 754 
Females Depositing as a Group in Pans in Cages 

| 
| 


Total 2,488 











safe to assume that in the present experiment 
some eggs could have been deposited by non- 
inseminated females and that all eggs that 
hatched were from inseminated females. 

Of the individually caged females that de- 
posited eggs, some at least of which hatched, 
those of X-10 (A. punctipennis males and A. 
freeborni females) showed a higher percentage of 


hatch than did the eggs from comparable in- 


dividuals of the reciprocal cross. However, the 
reverse was true when the matter of survival is 
considered. The more numerous larvae of X-10 
mostly died in the first or second instar. Only 
one of all that hatched reached the fourth stage 
before it died. By comparison, the larvae of the 
reciprocal cross, X-9, not only survived the 
earlier instars in greater numbers but thirty-six 
of them reached the pupal stage. One of the 
thirty-six pupae produced an adult. Unfortu- 
nately it could not free its tarsi, and when found 
was drowned and beyond preservation. It was 
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a female and, although darkened and water 
soaked, had the general appearance of an unusu- 
ally dark-colored freeborni. 

The immature stages resulting from these 
crosses were often abnormal. Many larvae, 
especially in X-10, died in a state of partial 
emergence from the egg. As a rule growth was 
slow, and larvae maintained an unusally slender 
appearance. Irregularities of pigment and struc- 
ture were not uncommon. For instance, the two 
sides of the spiracular plates of the two antennae 
were not similar, and an occasional wedge-shaped 
abdominal segment sometimes gave the larva an 
angular appearance. 

Pupae were often sprinkled with large spots 
of pigment, not normally found in either parent. 
Some pupae exhibited a large blister-like swelling 
on one side, and often the encased wings and legs 
of the future adult hung loosely at the sides. 

When pupae were well formed they usually 
split along the dorsum in an attempt at emergence 
but, except for the single instance cited above, 
progressed no further. 


DISCUSSION 

When viable eggs are obtained from hybridiza- 
tion experiments such as this one, a certain 
degree of interspecific compatibility must exist. 
Such compatibility may be determined by purely 
genetic factors or it may be influenced by morpho- 
logical and physiological factors. 

In this instance genetic factors refer only to the 
presence or absence of the proper genes 1n more 
or less compatible arrangement. On the other 
hand, morphological or physiological factors, 
which may be several, can serve as barriers and 
inhibit or prevent effective mating between 
species. Some possible inhibitory factors are: 

1. Morpholigical incongruities of mating 
structures. 

2. Failure of female to retain sperm, or to 
liberate it at the proper time. 

3. Lack of proper nutritional substance to 
support sperm until oviposition. 

4. Inability of sperm to enter egg. 

5. Failure of males and females to incite each 
other to mate. 

6. Chronological or 
mating habits. 

There are probably many degrees of com- 
patibility, purely genetic and otherwise, which 
govern the hybridization of two species. 

The determination of purely genetic differences 
influencing the crossing of species requires 
technique and equipment beyond the present 
capacity of this laboratory. On the other hand, 
some of the factors due to morphological, physio- 
logical, or ecological variations may eventually be 
elucidated by experiments and observations such 
as these. 
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These experiments show that it is possible to 
produce hatchable eggs by crossing two species 
of anophelines which do not belong to the same 
species complex, and are supposedly not closely 
related. 

This and other experiments (unpublished data) 
indicate that hatching and larval survival vary 
between the progeny of individual females, and 
even between different batches of eggs from 
the same female. However, in the latter case 
it is usually the first batches which show the 
greatest hatch. This probably indicates a grad- 
ual depletion of sperm, or its devitalization due 
to an unfavorable physiological environment. 

As opportunity presents itself, and as better 
techniques are developed, more detailed experi- 
ments using different combinations of species will 
be made. In this manner it is hoped, by com- 
parative infectivity experiments, to gain some 
insight into the inheritance of the ability of 
insects to transmit disease, as well as to the 
broad subject of speciation and _ variations 
between closely related species. 


SUMMARY 


Hybridization between Anopheles freeborni Ait- 
ken and A. punctipennis (Say) is reported. 

Viable eggs were obtained. Individual females 
in one cross (X-9, A. freeborni males and A. 
punctipennis females) deposited a total of 1,058 
eggs, 8.3 percent of which hatched. In the 
reciprocal cross (X-10, A. punctipennis males and 
A. freeborni females) the total was 754 eggs with 
25.1 percent hatching. 

The larvae of both crosses were often deformed. 
The more numerous larvae of Cross X-10 usually 
died in the first or second instar, only one sur- 
viving to the fourth stage. Larvae of Cross 
X-9 not only survived the earlier instars in greater 
numbers but thirty-six of these reached the pupal 
stage. One adult from Cross X-9 emerged, 
except for the tarsi, which adhered to the pupal 
case. This adult, a female, drowned and could 
not be preserved. 

A short discussion of probable factors influenc- 
ing hybridization is presented. 
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LABORATORY STUDIES OF PELECYSTOMA HARRISINAE (ASHMEAD), 
AN ADVENTIVE BRACONID PARASITE OF THE WESTERN 
GRAPE LEAF SKELETONIZER! 


OWEN J. SMITH, A. G. DIBOLL anp J. H. ROSENBERGER? 


University of California Citrus Experiment Station, Riverside, California 


INTRODUCTION 


Pelecystoma harrisinae (Ashmead) is indigen- 
ous to the eastern United States where it is 
parasitic upon Harrisina americana (Guér.) 
and Acoloithus spp. About 200 adults were 
reared at Riverside in 1951 and 1952 from host 
larvae collected in Illinois and Florida. In the 
quarantine laboratory this parasite developed 
successfully in the western grape leaf skeletonizer, 
Harrisina brillians B. & McD., and living wasps 
were sent to the La Mesa laboratory of the 
Department of Biological Control for propagation 
and colonization trials. Liberations of 779 
laboratory-produced wasps were made in San 
Diego County from September to November, 
1951, but they evidently failed to become estab- 
lished. Successive generations of P. harrisinae 
were cultured on H. brillians in the laboratory 
in the winter of 1952-53 in order to have propaga- 
Although the effective- 


tion stock for spring use. 
ness of the parasite against its adventitious host 
in the field remains to be determined, numerous 
laboratory observations have been made on the 
biology, morphology, and ecology of the parasite, 
and are reported in this paper. 

Pelecystoma harrisinae belongs to the subfamily 


Rogadinae, family Braconidae. It was first 
described by Ashmead (1888) under the genus 
Rogas, where it remained until Muesebeck et al. 
(1951) reassigned it to the genus Pelecystoma. 
So far as known, no studies have been made on 
Pelecystoma. Contrarily, frequent reference to 
the much larger genus Rogas (Rhogas) is found in 
the literature, and several excellent biological 
accounts are available. Dustan (1922) studied 
the internal anatomy of the full-grown larva of 
Rogas hyphantriae Gahan. Dowden (1938) in- 
vestigated the morphology and biology of Rogas 
unicolor (Wesm.). Ahmad (1943) examined the 
biology and morphology of Rhogas testaceus 
(Spin.) together with the internal anatomy of the 
mature larva. The work of Chatterjee (1943) 
on Rhogas plecopterae Chatterjee also merits 
attention. 

‘Paper No. 853, University of California Citrus 
Experiment Station, Riverside, California. 
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MORPHOLOGY 


The Adult.—The original description of Pelecys- 
toma harrisinae (Ashmead, 1888) from a single 
adult male appears to be adequate for identifica- 
tion of the species. The following additional 
characters based on long series of both sexes are 
also useful. The insect is honey-yellow in color, 
as stated by Ashmead, but in our specimens the 
center of the stigma, the tips of the tarsi, and 
the sheath of the ovipositor are fuscous; the 
number of antennal segments is variable in both 
sexes, ranging from 44 to 55; the abdomen of the 
female is less ovate than that of the male; ovi- 
positor subexerted, approximately one-fourth the 
length of the hind tarsus. Size of this species 
shows extreme variation. Length of body: 
males, 2.4—7.2 mm.; females, 3.0-8.1 mm. Wing 
expanse: males, 4.0-14.5 mm.; females, 5.0- 
16.2 mm. 

Two ovarioles occur in each ovary. The maxi- 
mum number of mature eggs observed in one ovar- 
iole was 4, and in both ovaries, 10. Remnants of 
absorbed, nondeposited eggs may also be present. 
In the long germaria extending into the peduncle, 
oécytes in diminishing size occur above the 
ovarian eggs. The lumen of the terebra is less 
than one-fourth the diameter of the ovarian egg. 

Immature Stages——The immature stages of 
Pelecystoma harrisinae are similar to those of 
Rogas unicolor, Rhogas testaceus, and Rhogas 
plecopterae; only significant specific differences 
have therefore been figured. The wide variations 
in parasite size, especially as correlated with host 
size, make body measurements at any given 
stage of doubtful value. Such measurements as 
are given apply to the largest parasites. 

The Egg: The newly deposited eggs averaged 
0.59 mm. long and 0.17 mm. wide. The egg is 
slightly curved, bluntly rounded at both ends, 
broader cephalad, and has no pedicle. The 
chorion is smooth and transparent, and there is 
no trophamnion. 

The Larva: Five larval instars were recognized. 
Larvae at each stage have well-formed heads 
supplied with sclerotized scleromes and mandibles. 
The larva consists of head and 13 distinct body 
segments, is semitransparent, and shows very 
little hypermetamorphosis. The first, fourth, 
and fifth instars are distinct; the intermediate 
instars are very similar, differing principally in 
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their tracheal systems and mandible size. Man- 
dibles of all stadia are alike in appearance, 
falcate with upturned tips. 

First-instar larvae (Fig. 1) averaged 0.82 mm. 
long and 0.16 mm. wide when hatched. The 
head is rather large and prognathous; body seg- 
ments are subequel in length and, except for the 
last, are roughened with sharppointed triangular 
cuticular projections arranged in four longitudinal 
rows on each half of the body. Unlike the related 
Rogas, the first-stadium Pelecystoma larva has a 
tracheal system consisting of wavy lateral longi- 
tudinal trunks with dorsal and ventral branch 
spurs on the first 11 segments. The mouth parts 


(Fig. 1, A) differ somewhat from those of Rogas 
The hypostoma is long, nearly attaining the 


spp. 


Fic. 1. First- 
Dorsal aspect of 
Front view of head 


Pelecystoma harrisinae (Ashmead). 
instar larva soon after eclosion. A. 
head. B. Left mandible. Fic. 2. 
of mature larva. B. Left mandible. 


Abbreviations: AN—antenna; CP—cuticular projec- 
tions; DT M—dorsal tentorial mark; EP—epistoma; H Y 
hypostoma; LA S—labiostipital sclerome; LM—labrum; 
LPA—labial palpus; MAS—maxillary sclerome; MD 
mandible; MPA—maxillary palpus; PC—preoral cavity; 
PL—pleurostoma; PS—placoid sensilla; SDR—silk duct 
ring; STS—stipital sclerome; 7R—tracheal system. 
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occiput; the pleurostoma supporting the pro- 
trusible mandibles lies almost horizontal; struts 
of the labiostipite approach the palps, and the 
epistoma and maxillary sclerome are wanting. 
The maxillary and labial palps are soft, forming 
a row at the front of the head, the former exterior. 
Mandibles averaged 0.04 mm. in length. 

Second-instar larvae averaged 1.42 mm. long 
and 0.35 mm. wide at the time of the first molt. 
Ampullae replace the cuticular projections of the 
first instar. The tracheal system shows dorsal 
transverse commisures in the metathorax and in 
the following nine segments. Corresponding 
ventral branches of the longitudinal trunks 
divide but are not connected. The mouth parts 
are essentially the same as with the first instar, 
except that the epistoma is present and faintly 
arches the labrum. Mandibles measured 0.04 
mm. in length. 

Early third-instar larvae averaged 2.5 mm. 
long and 0.63 mm. wide. This instar differs 
from the preceding instar in that the dorsal 
commisures of the tracheal system have been lost 
and are replaced by ventral commissures in the 
first eight abdominal segments. Also, head 
tracheae anastomose at the mouth. Mouth 
parts are recessed in an inverted cone. Mandibles 
measured 0.06 mm. long. 

New fourth-instar larvae averaged 4.5 mm. 
long and 1.56 mm. wide. This instar is grublike 
with double transverse plicae on the body 
segments. It is distinguished from the preceding 
instars by the presence of numerous urate cells 
near the cuticle, a conspicuous layer of fat bodies 
banding the yellow mesenteron, and by an 
elaborated tracheal system; the proximal third 
of the maxillary sclerome is external, and the 
labiostipite faintly outlined. Mandibles meas- 
ured 0.096 mm. The tracheal system is sub- 
stantially the same as that of the next stadium 
(see fifth instar). Its primary distinctiveness 
from the latter is that the spiracular stalks are 
located between the main ventral and dorsal bran- 
ches of the longitudinal trunks and no spiracles 
are present. 

The full-grown fifth-instar larvae developing 
in large hosts ranged in length between 5.4 and 
11 mm., and in width between 1.9 and 2.7 mm. 
This instar is hymenopteriform, dull whitish, 
with the mesenteron changing in color with age 
from yellow through buff to pinkish purple. A 
prominent lateral fold occurs on the abdomen 
below the spiracles. The integument of the 
body is armed with very minute sclerotized 
spiculi. Histoblasts of the various external 
organs show plainly through the cuticle. 

The tracheal system is composed of a pair of 
lateral longitudinal trunks with main dorsal and 
ventral branches in all segments. The ventral 
branches form commisures in abdominal segments 
1 through 8. There are no commisures as such 
dorsad, or in the other ventral segments. There 
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is apparent anastomosing of the much-branching 
tracheal tips, particularly in the ninth abdominal 
segment and in the sternum of the meso- and 
meta-thorax. Each of the main segmental 
branches divides into two principal branches 
which subdivide repeatedly except where one of 
these branches unites with a corresponding 
branch forming a commissure. Lesser multi- 
ramous branches occur along all of the principal 
branches and the longitudinal trunks. The head 
is richly areated. Directly opposite the main 
ventral branches, spiracular stalks 0.15 mm. in 
length occur near the anterior conjunctivae of 
the mesothorax and the first eight abdominal 
segments, bearing subequal circular spiracles 0.03 
mm. in diameter. Somewhat less than half the 
distance between the spiracles and the longitudinal 
trunks, the spiracular stalks are swollen into atria. 

The head (Fig. 2) is strikingly like the “typical 
last-instar larval head of parasitic Hymenoptera”’ 
(Vance and Smith, 1933). It is closer to Rhogas 
testaceus (Ahmad, 1943) than to any of the 
Rogas spp. that have been figured. The maxillary 
sclerome is entirely external and the labiostipite 
prominent. Its most distinctive character is 
that the silkduct orifice is surrounded by a 
well-defined sclerotized ring, (Fig. 2, sdr). Man- 
dibles measured 0.13 mm. 

Antennal rudiments and maxillary and labial 
palps occur on elevated areas of the antennal 
foramina, maxillae, and ligular region, respect- 
ively. Three papillae are present on the antennae 
rudiments and four on each palp. A pair of 
placoid sensilla are found exterior to the base of 
each palp. 

The Cocoon and the Pupa: Pelecystoma harri- 
sinae pupates within a thin, double, transparent 
casement inside the cleaned host larval skin. 
Both capsules of the casement are made of ex- 
tremely fine silken threads held together by a 
clear plastic-like substance. The outer capsule 
is attached to the cuticular apodemes and tracheae 
of the host. The inner capsule usually investing 
the pupa to the thoracic region (sometimes en- 
tirely) is attached to the outer capsule anteriorly 
but is free posteriorly. Prior to pupal formation 
the host skin (“‘mummy’’) is stained to a bright 
pinkish orange in color. Extreme variation oc- 
curs in mummy size (Fig. 3). The exarate pupa 
is a delicately beautiful creature, pale yellow in 
color with chocolate-brown compound eyes. Five 
fleshy lobes project outward on each side of the 
abdomen. The long antennae run ventrolaterad 
to the caudal extremity, where they curve upward 
and forward. The larval exuviae are found at 
the end of the pupa within the inner capsule, but 
the larval meconium (pinkish purple in color) 
occurs between the capsules. 


BIOLOGY 


The Adult-—Emergence and Copulation: Until 
emergence from the mummy, the wasp of Pelecys- 


Annals Entomological Society of America 


‘Oviposition is usually induced. 


[Vol. 48 


toma harrisinae retains the orientation of the last 
larva and pupa, viz., head caudad, venter upward. 
The wasp issues through an irregular hole 
gnawed in the tergum of the host skin near its 
caudal end. Emergence occurs in the early 
morning hours. Males appear 1 to 2 days 
ahead of females of the same age. 

Both sexes take wing within a few seconds 
after emergence. Females permit copulation at 
once. Males require from 12 to 14 hours before 
entering copula. Mating cccurs repeatedly with 
young wasps, each act taking about 18 seconds. 
Old virgin females refuse to mate. In the ap- 
proach the male is the aggressor, but females ac- 
commodate their mate by holding the ovipositor 
in a vertical position once copulation has begun. 


Fic. 3. This photograph demonstrates extremes in 
variation in size of mummies of larvae of Harrisina 
brillians from which healthy Pelecystoma harrisinae adults 
later emerged, and the extent of inflation of the host 
cuticle. The dark longitudinal area in most specimens 
is the parasite gut showing through the host cuticle. 


Oviposition: No set gestation period is required 
before oviposition begins, females ovipositing 
very soon after either emergence or copulation. 
Both sexual and unisexual reproduction occur. 
Unmated females produce male progeny only. 
Mated females give rise to either sex, the usual 
ratio about 1:1. A preponderance of males or of 
females is a frequent occurrence, however. In 
one series of tests, fertilized females produced 72 
percent male progeny and in others 79 and 82 
percent females. 

Pelecystoma harrisinae attacks and develops to 
maturity in Harrisina brillians larvae ranging 
from second to fifth instar. Larger larvae are 
preferred, however, and greater parasite survival 
results from such hosts. The ovipositional ac- 
tivity of the female wasp is variable and depends 
upon resistance of host larvae and _ other 
conditions. 

If a host larva clinging to a leaf is brought in 
contact with the antennae of a confined wasp, 
The wasp leaves 
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her resting place, mounts the larva and vigorously 
inserts the ovipositor with a sawing motion. If 
the larva falls, the wasp clings tenaciously to it. 
Wasps frequently rest on partly spread wings 
during oviposition. Where a host larva is feed- 
ing under natural’ conditions, it often resists 
attack by swinging’ its anterior end to and fro. 
On detecting a feeding larva from a distance of 
about 2 cm., the female wasp pounces at or on it 
and persists, even if driven away, until oviposition 
is complete. The urticating hairs of the skeltonizer 
larva do not appear to harm the wasps. Ovi- 
position occurs during any of the daylight hours 
but may not be restricted to these hours. One 
egg is deposited with each oviposition. 

The time required for oviposition ranged be- 
tween 15 and 160 seconds and averaged 30 seconds 
for 85 observed and successful ovipositions. The 
shortest period seems remarkable because of the 
hour-glass shape into which the egg is contorted 
as a result of the comparatively small diameter of 
the lumen of the ovipositor. One wasp ovi- 
posited twice within 2 minutes and thrice within 
15 minutes. Rests between ovipositions are the 
rule. In 25 out of 108 observed “‘ovipositions,”’ 
parasites failed to develop, and no remnant 
could be found when the hust was dissected. 
This indicates that some wasps make ‘“trial- 
runs” during a period of temporary sexual 
immaturity. Pelecystoma harrisinae does not 
discriminate between parasitized and unparasi- 
tized hosts. A given wasp may parasitize the 
same host larva more than once. Three wasps 
were seen ovipositing in one larva at the same 
time. 

Reproductive Capacity: In order to compare 
the reproductive capacities of fertile and virgin 
females, 10 wasps each were confined individually 
under petri-dish halves, together with an excess 
number of host larvae. The latter were changed 
at 24-hour intervals until the wasps died. Labora- 
tory temperatures averaged approximately 70° F. 

Under these conditions, fertile wasps parasi- 
tized an average total of 33.4 hosts (maximum, 
84) or a daily average of 4.1 hosts (maximum in 
one day, 9); virgin wasps parasitized an average 
total of 30 hosts (maximum, 47) or a daily 
average of 4.3 hosts (maximum in one day, 10). 

There was no noticeable correlation between 
age and maximal ovipositional activity with either 
fertile or virgin wasps. The ovulation rate for 
virgin females was more constant than for fertile 
females, two of the latter having skipped 1 to 2 
days between days of active oviposition. In all 
cases parasitism began on the first day and con- 
tinued until the day of death or until 1 to 2 days 
before death for virgins and 1 to 3 days before for 
fertile females. 

Longevity is usually greater in less confined 
environments than described above. A higher 
reproductive capacity than is demonstrated can 
consequently be expected for Pelecystoma har- 
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risinae. But in any case it is low. It compares 
with maxima of 83 for Rhogas testaceus (Ahmad, 
1943) and of 322 for Rogas unicolor (Dowden, 
1938). 

Longevity: Under otherwise identical condi- 
tions, ovipositing females live an average of 5 
days less than nonovipositing females (9.5 and 
14.5 days, respectively) with no significant dif- 
ference between mated and virgin females. Ina 
large laboratory cage, females have lived over 30 
days. When held outside at winter temperatures 
(average, 57° F.) and brought inside for feeding 
daily or weekly for not over an hour, a few 
females attained the age of 2 months and 1 male. 3 
months, with average longevity for males of 27.5 
days and for females 32.5 days. A similar adult 
span occurred when wasps were refrigerated 
50° F. No wasps survived a month of exposure 
where temperatures dropped almost daily to 
freezing or below. 

Immature Stage s.—The Egg: Pelecystoma har- 
risinae deposits its eggs rather indiscriminately, 
but they are usually found lying flat with the 
ventral surface adhering to the mesenteron of the 
host. Embryonic development is evident after a 
few hours and proceeds rapidly, the head and 
body segmentation becoming quite distinct in 
about 30 hours. The chorion is stretched some- 
what by twisting movements of the larva near 
eclosion. The young larva frees itself by biting 
through and wiggling from the egg. Hatching 
occurs in about 48 hours at a temperature of 70° F. 

The Larva: Larval development of this para- 
site is rapid. The first four instars require ap- 
proximately 1 day each, and the fifth instar 2 
days, at 70° F., with female larvae requiring, in 
general, a slightly longer time than male larvae 
in all instars. After hatching, the first-instar 
larva floats free in the host fluids and is found 
in any part of the body cavity, the head almost 
always cephalad. Orientation of the three suc- 
ceeding instars is the same as the first, but as 
they increase in size they become more sedentary. 
Until the last instar feeding is confined almost 
entirely to the host fat and fluids. In general, 
the last-instar larva consumes the digestive tract 
and other vital organs of the host, excepting the 
tracheae and head contents. Small full-grown 
larvae may leave a portion of host tissue at either 
or both ends. 

The thoroughness with which the fifth-instar 
larva of Pelecystoma harrisinae prepares for pu- 
pation is of interest. In the area of pupation 
only the host cuticle and tracheae remain. Even 
the yellow and blue host pigments, which in 
Harrisina brillians lie below the cuticle in a 
loose layer of epidermis, are torn away and 
devoured. This action may be observed ex- 
ternally. The first positive evidence of parasitism 
is the appearance of an opaque patch or streak on 
the host larva. As the pigments of the host are 
destroyed, its cuticle becomes semitransparent, 
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the black epicuticular setae of the transverse 
verrucae somewhat obscuring vision. When the 
cleaning process is complete, the mummy is 
greyish in appearance, with a dark longitudinal 
stripe, the larval parasite gut, showing through. 

If the host is dissected near the beginning of 
this process, the parasite larva is found to be 
richly bathed in a milky liquid containing 
numerous flecks of blue and yellow pigments, a 
condition resembling phagocytosis. When the 
process is complete, the liquid has disappeared, 
apparently having been engorged, and the larva 
lies in a clean, dry environment. About the time 
this activity occurs, the larva turns on its back, 
head caudad. 

The larva next forms the outer capsule, pre- 
viously described, completely sealing itself off 
from any remnant of host tissue. The outer 
capsule, like the inner, is evidently salivary and 
silk gland in origin. It is attached so that empty 
spaces occur between it and the host cuticle 
beyond the apodemes and in the prolegs. 

About the time of completion of the outer 
capsule, the first staining of the host skin is 
apparent. Mummies begin “pinking’’ at the 
caudal end, where the parasite head is located. 
This coloring spreads quite rapidly and stains 
the entire host skin, but maximum coloration does 
not occur within 24 to 48 hours. On dissecting a 
dry mummy, particularly toward the latter 
stages of this process, the empty spaces between 
the outer capsule and the host skin were found 
to be filled with a pinkish-orange liquid. The 
simultaneous and parallel color changes of the 
larval gut contents indicate that this liquid 
derives from the digestive tract. There was no 
evidence of this liquid within the capsule con- 
taining the parasite. It was not determined how 
this liquid passes through the capsule and 
spreads to all vacant spaces beyond it. Neither 
was it ascertained for certain whether or not the 
capsule is permeable in one direction only, as it 
appears to be. 

The function of the liquid seems to be in- 
flation of the host skin (see Fig. 3). The larval 
cuticle of all known hosts is permanently dyed, 
whereas the living parasite larva and its cocoon 
are unaffected. Similarly, in the case of multiple 
parasitism, larvae of the parasite A panteles sp. 
“B”’, living or dead, lying within the liquid are 
not stained. Apparently, the liquid collects and 
dries in the pore canals of the host cuticle, while 
the outer capsule and the epicuticle of the para- 
sites are impermeable. 

Concurrent with the dying procedure is con- 
struction of the inner capsule by the larva. This 
capsule has an _ orifice posteriorly, through 
which the purplish larval meconium is pushed. 
The larval exuviae remain in the inner capsule 
apparently serving to seal the orifice. The pupa 
appears to be completely separated from the 
meconium. No sanitation akin to this among 
parasitic insects is known to the authors. 
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If a prepupal period exists, it was impossible 
to demarcate it. Pupation takes place very 
soon after the last larva has finished.its multiple 
labors. Duration of the pupal stage varied with 
temperature. At 70° F. it lasted from 6 to 8 
days. 

Parasite Interrelation.—Under crowded labora- 
tory conditions superparasitism may occur and 
result in the formation of dual mummies. In a 
few cases two adults have emerged from a single 
host. In most cases, however, only one parasite 
survives, the supernumeraries being killed by 
starvation. A maximum of one full-grown and 
three half-grown larvae was found in one host. 
Frequently, none of the parasites are able to 
survive. Superparasitism undoubtedly takes 
place in the field. Successful multiple parasitism 
has also been observed. Normal Pelecystoma 
adults have emerged from Harrisina brillians 
larvae which produced, also, as many as 10 
Apanteles sp. ““B’. Host size and timing of 
parasitism are the factors determining which of 
these food competitors survive, or the number of 
each that survive. 

Effect of Parasitism upon the Host.—Several of 
the effects of parasitism upon the host have al- 
ready been described. Larvae of AHarrisina 
brillians are not paralyzed by oviposition. Food 
consumption thereafter is variable, ranging from 
none to 9 sq. cm. of leaf surface, as compared 
with 15 sq. cm. for the most voracious unparasi- 
Where feeding 


tized larvae in the same period. 
ensues, it ceases 2 days before the mummy 
appears, or soon after the development of the 
fourth-stage parasite; the host remains stationary 
thereafter, clinging to the leaf by the tarsal 


claws and/or the crochets of the prolegs. There 
is no breaking of the host skin to fasten the larva 
to the leaf, as was reported by Vickery (1929) 
for Rogas laphygmae Viereck, and by Fiske 
(1903) for Rogas stigmator (Say). 

Life Cycle—The life cycle (egg to adult) of 
Pelecystoma harrisinae is completed by males in 
14 to 15 days and by females in 16 to 17 days at 
laboratory temperatures. The time required 
for each stage is approximately as follows: 
egg stage, 2 days; first four instars, 1 day each; 
fifth instar, 2 days; and pupa from 6 to 8 days. 
When the parasites were reared at winter tem- 
peratures (average, 57° F.), the egg-larval period 
was extended to 18.8 days and the mummy stage 
to 30.8 days, the total cycle to 49.6 days. Adult 
emergence was delayed an average of 36 days 
when beginning mummies were removed from 
the laboratory and held outside at winter tem- 
peratures. 


DISCUSSION 


The effectiveness of Pelecystoma harrisinae 
against the western grape leaf skeletonizer 
under field conditions is still unknown. It is 
estimated that the parasite will produce eleven 
or more generations per season, compared with 
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two or possibly three by its host. Despite its 
low fecundity, its short life cycle adapts it to 
propagation in the laboratory on a fairly large 
scale. 

Still more uncertain is parasite survival of the 
winter in California. Its occurrence as far north 
as Pennsylvania indicates that it has a diapause 
stage. None has been found, however, by 
artificial manipulation of ecological conditions. 
Mortality was very high, both when the parasite’s 
entire development was at outside winter tempera- 
tures and when laboratory-formed mummies 
were held out-of-doors until adult emergence. 
Refrigeration of mummies for more than one 
week at temperatures of 45° and 50° F. resulted 
in almost complete mortality. Combining the 
longest record of larval-pupal duration with 
maximum longevity of adults, a figure of 135 
days is obtained. This does not appear sufficient 
to span the minimum diapause of Harrisina 
brillians. 


SUMMARY 


Pelecystoma harrisinae (Ashmead), an internal 
parasite of Harrisina americana (Guér.) and of 
Acoloithus spp. in the eastern United States, and 
one of several parasites introduced into Cali- 
fornia to combat the western grape leaf skeleton- 
izer, Harrisina brillians B. & McD., was studied 
as to the morphology of its immature stages and 
its biology when developing in the laboratory in 
H. brillians. 

This parasite has the peculiar habit of sealing 
itself off from the larval meconium before pu- 
pation. Pupation occurs within the host cuticle, 
which is permanently stained to a_ pinkish- 
orange color by a secretion of the last larval 
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stage of the parasite. This liquid dyes the cuticle 
of all known hosts in the same manner but does 
not stain the parasite, its cocoon, or larvae of 
the parasite Apanteles sp. ‘‘B’’ which may be 
present with it. 

Development of Pelecystoma harrisinae from 
egg to adult at a temperature of 70° F. requires 
from 14 to 17 days. This permits an estimated 
minimum of eleven generations per annum in the 
field. The effectiveness of P. harrisinae against 
Harrisina brillians in the field has still to be 
determined. 
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THE STRUCTURE OF THE INTEGUMENT OF THE MAXILLARY PALPI OF THE 
COCKROACH, PERIPLANETA AMERICANA (LINN.)" * 
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In the course of studies on the sense of taste in 
the cockroach, Periplaneta americana (Linn.), 
Frings (1946) and Frings and Frings (1949) 
found that the terminal segments of the labial 
and maxillary palpi contained apparently pure 
fields of basiconic sensilla. They were able to 
limit taste responses to these regions on the 


‘Authorized for Publication on September 18, 1953 as 
paper No. 1823 in The Journal series of the Pennsylvania 
Agricultural Experiment Station. 

2This research was supported in part by the John G. 
Vogel Memorial Fund. 

3The author wishes to express his gratitude to Dr. H. 
Frings, Pennsylvania State College, under whose direc- 
tion the work is being carried out and to Dr. C. W. 
Rutschky for his kind assistance. 


palpi and to the tips of the hypopharynx and 
the ligula. The morphological observations on 
the sensory fields were limited at the time to 
gross studies of whole mounts. It was felt that 
histological studies should be made to confirm 
the fact that they were dealing at least with a 
morphologically pure field and to determine the 
structure of the integument over the receptors. 
The latter was particularly desirable since very 
little information of that nature is available. 
Since the integument over the receptors must 
inevitably be involved in their stimulation, a 
knowledge of its structure is essential in studying 
the mechanism of stimulation. 

With these problems in mind, histological 
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sections of the maxillary palpi of the above 
species were prepared and the results of the 
study are presented here. 


MATERIALS AND METHODS 


All of the roaches used were mature specimens 
of P. americana, reared in the laboratory. In 
the present study only the maxillary palpi were 
considered. 

The terminal segments of the palpi were cut off 
at their proximal ends, under insect saline solu- 
tion, with the use of a razor blade. These seg- 
ments were immediately transferred to Gilson’s 
fluid for fixation. For the preparation of sections 
the celloidin-paraffin double imbedding technique 
was used. After fixation the palpi were in- 
filtrated in cellodin (Mallinkrodt Parlodion) 
over a period of two ae imbedded in the 
celloidin and then reimbedded in Tissuemat. 
Use of the celloidin permitted preparation of 


Mic; 1. 
sense-pegs 


TEXT 


basiconic along ventral margin. 


sections with a minimum of crumpling of the 
integument. By double imbedding in Tissuemat, 
ribbons of sections were easily obtained on a 
standard rotary microtome. All the sections 
were cut at five uw. Sections were stained with 
Heidenhain’s iron hematoxylin or Mallory’s con- 
nective tissue stain. 


RESULTS 


As described by Frings and Frings (1949) the 
terminal segment of the maxillary palp has on 
its ventral surface a somewhat oval shaped 
field of small sensilla. The remainder of the 
segment is covered with much larger setae. 

Examination of histological sections of the 
region confirmed the fact that the sensory field 
is a pure one, the only structures present being 
small basiconic sense-pegs. A photomicrograph 
of a longitudinal section through the palpal 
segment is shown in text figure 1. 

This shows the considerable difference in 
thickness between the integument over the 
sensory field and that on the dorsal surface. 
On the dorsal surface, at the proximal end 
the segment, the integument averaged 51.5 u 
in thickness. This gradually becomes thinner 


Longitudinal section of terminal segment of maxillary palpus. 
Iron hematoxylin. 


[Vol. 48 


distally and laterally until it merges into the 
sensory field. The structure of the procuticle of 
the dorsal integument is similar to that described 
by Schatz (1952) for the pronotum of P. ameri- 
cana. With Mallory’s stain it shows an outer 
amber colored exocuticle, a median red or orange 
staining mesocuticle and an innermost blue stain- 
ing endocuticle. Richards and Anderson (1942) 
described a thin epicuticle on the pronotum 
of the roach, which stained blue with Mallory’s. 
This was not found on the palpi except on a 
few sections from a single specimen. 

The numerous setae on the dorsal region are 
of the typical trichoid type with a single sense 
cell in the hypodermis at their base. On the 
basis of staining reaction the setae consist solely 
of exocuticle. A small amount of mesocuticle 
is present at the base of each seta where it joins 
the setal membrane. At their base the setae 
averaged 7.8 uw in diameter with a pore 1.6 uw in 


Shows sensory field with 


diameter. Their walls thus averaged 3.1 uw thick 
at the base. 

As can be seen in text figure 1, the integument 
on the ventral surface, over the sensory field, 
consists almost entirely of the basiconic sense-pegs. 
The integument of this region, in addition to 
being much thinner than that on the dorsal 
surface, consists of only two layers (text figures 2 
and 3, END., MES.). 

The average thickness in the regions between 
the sense-pegs is 4.3 u. The inner layer is by far 
the thicker of the two, averaging 3.8 yu. With 
Mallory’s technique it stains a very uniform 
blue and with iron hematoxylin a light grey 
On this basis it would appear to be endocuticle. 
However it shows no indication of ‘“Balken”’ or 
laminations of any type and no pore canals. 
Probably every hypodermal cell in the ventral 
region has become so modified that it no longer 
produces these characteristic structures. 

The outer layer averages only about 0.5 y 
in thickness. It stains orange with Mallory’s 
technique and black with iron hematoxylin, in- 
dicating that it is mesocuticle. The mesocuticle 
extends into the trichopore (text figures 2 and 3, 
TR.) beneath each sense-peg and forms a lining 
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on the outer two-thirds of the wall of the pore. 
In this region it is slightly thicker than on the 
surface of the integument, measuring about 
0.8 uw thick. 

Each sense-peg is set into a low elevation of 
the integument which forms a ring about the base 
of the peg, termed by Weber (1933) the ‘‘Basal- 
ring’. Approximately three thousand of these 
pegs are present on the ventral field of a maxillary 
palp. Each one averages 2.5 uw in diameter at 
the base and 10.9 win length from the ‘‘Basalring”’ 
to the tip. The wall of the peg is very thin, 
measuring only about 0.54 thick. On _ the 
basis of staining reaction it consists almost en- 
tirely of exocuticle except at the base where it 
joins the ‘‘Basalring’’. At this point its staining 
reaction is that of mesocuticle. 


Se. ies 


| 
ay 


Enlarged area of sensory field shown in 


TEXT Fic. 2. 


fig.1. Mallory’s technique. 
END. =endocuticle, MES.=mesocuticle, T.F.= terminal 
filament, TR.=trichopore. 


Each peg is filled with an 
somewhat vacuolated cytoplasm. This is best 
seen in the hematoxylin stained slides. Two 
very slender filaments enter each _ sense-peg 
and run parallel for about two-thirds of its 
length (text figure 3, T. F.). They then diverge 
and attach separately on the wall of the peg. 
These are the terminal filaments of the sense 
cells which may be seen lying in a column be- 
neath each peg. 


even-staining, 


DISCUSSION 

As indicated above, the sensory field on the 
maxillary palpus is a pure one, at least from the 
standpoint of histological structure. It should 
therefore be of considerable use in future studies 
on the physiology of chemoreceptors since 
it is possible to correlate definitely, type of 
histological structure with type of response 


Integument of Cockroach Maxillary Palpi 
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to a stimulus This is in contrast to such 
structures as the antennae of bees (Richards, 
1952) and labella of flies where a variety of 
sensory structures are present and close together. 
Under these conditions it becomes difficult to 
tell which structure is being stimulated. 


Diagramatic representation of part of the 
area shown in fig. 2. 


Text Fie. 3. 


SUMMARY 

1. Histological sections of the terminal seg- 
ments of the maxillary palpi were prepared in 
order to determine the nature of the integument 
over the sensory field. 

2. The sensory field, located on the ventral 
surface of the segment, consists solely of basiconic 
sense-pegs. 

3. By the use of Mallory’s staining technique 
and Heidenhain’s iron hematoxylin, the +:.tegu- 
ment on the dorsal surface was found to consist 
of three layers, exocuticle, mesocuticle and endo- 
cuticle. It appears to lack an epicuticle. 

4. The integument over the sensory field was 
found to consist of endocuticle and mesocuticle. 
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A CONTRIBUTION TOWARD A MONOGRAPH OF THE FAMILY 
SCATOPSIDAE (DIPTERA) 


PART I. 


A Revision of the Genus Rhegmoclema Enderlein (= Aldrovandiella Enderlein) 
with Particular Reference to the North American Species! 


EDWIN F. COOK 


INTRODUCTION 


The family Scatopsidae was first recognized 
and established by Enderlein in 1912. He was 
apparently the first to realize that the species 
now included in this family are not closely related 
to the Bibionidae despite their inclusion with that 
group for many years. Since it was first char- 
acterized and named by Enderlein, only a few 
papers have been published on the family. 
These are: Enderlein (1912, 1926, 1936); Me- 
lander (1916); Malloch (1916); McAtee (1921); 
Edwards (1925, 1930); Duda (1928 a, b); Beekey 
(1938); and Séguy (1940). A study of specimens 
which have been cleared and slide mounted as 
well as pinned or pointed has revealed many new 
species and has helped to clarify relationships 
within the family. 


The genus to be considered in this paper 
Rhegmoclema Enderlein—falls in the subfamily 
Scatopsinae (Duda, 1928) and the tribe Scatops- 


ini. This tribe is equivalent to the group named 
Hyperneurinae by Duda. The genera Swam- 
merdamella Enderlein and Scatopse s. 1. are also 
included in this tribe. Scatopse s. 1. includes 
Enderlein’s genera Reichertella, Rhexoza, Colob- 
stema, Dicrostolis, Holoplagia, Rhaeboza and 
Rhegmoclemina. The validity of all of these 
genera is still an open question, although ex- 
amination of type species of several indicates 
that some at least are soundly based. 

The genus Rhegmoclema was first described by 
Enderlein in 1912 and has as the type species R. 
rufithorax Enderlein from Mahe, Seychelles 
Islands. In the same paper Enderlein also 
established the genus Aldrovandiella with the 
type species Scatopse halterata Meigen. Both of 
these genera are based, as far as Enderlein’s 
expressed characterization is concerned, on wing 
venation with no consideration of other characters. 
An examination of the type species of both named 
genera when cleared and slide mounted reveals, 
however, that Aldrovandiella is synonym of 
Rhegmoclema. (The reasons for the synonymy 
will be apparent below). Rhegmoclema has page 
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precedence and should be the valid name of the 
genus with Aldrovandiella a junior synonym. 

Since the only structural features mentioned 
by Enderlein for the characterization of Rhegmo- 
clema are the course of Cu. (with two right 
angled bends) and a complete M,, and no other 
anatomical characters seem to have been con- 
sidered, several species have been included in this 
genus by both Enderlein and subsequent workers 
which are, in fact, not related. 

Enderlein himself included Scatopse fuscipes 
(under the name S. atrata Say), Scatopse vaginata 
Lundstrom, S. subnitens Verrall and S. cingulipes 
Strobl. The first two are clearly not related to 
Rhegmoclema rufithorax. I have not seen either 
of the latter species, however, and cannot 
comment on them. 

Melander (1916) described three species which 
he placed in this genus, none of which belong 
here. These are R. aterrima, R. bimaculata, 
and R. scrobicollis. The latter two fall into 
Enderlein’s genus Rhegmoclemina. McAtee (1921) 
described as new R. barrus (which is S. fuscipes 
Mg.) and R. floralis (which is Swammerdamella 
pygmaea (Loew)). In addition, he included 
Williston’s (1896) S. pygmaea under the name 
R. willistoni. I have seen no specimens of 
the latter species. Beekey (1930), following 
Edwards (1929), recognized Rhegmoclema as a 
subgenus of Scatopse and included his species S. 
similis in this group. The latter is closely 
related to R. aterrima Melander. None of these 
many species belong in Rhegmoclema but do 
belong in several other quite distinctive groups 
which will be treated later in this series. How- 
ever, all species ascribed heretofore to the genus 
Aldrovandiella seem to be valid and fall in the 
genus Rhegmoclema. 

In this paper, the type species of the genus is 
redescribed and illustrated as are previously 
named species which were available to me. In 
addition, six new North American species are 
described. All North American specimens of this 
genus have been referred to Rhegmoclema (= 
Aldrovandiella) halteratum (Mg.). It is evident 
from this study, however, that R. halteratum 
(Meigen) is European and does not occur in 
North America. 
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The immature stages and the biology of the 
species of this genus are entirely unknown. The 
only note to be found is that of Duda (1928) in 
which he indicates that R. winthemi (Duda) was 
taken from a flowering meadow. R. hubachecki, 
described herein as new, was taken while sweep- 
ing tall reeds in a black spruce swamp in northern 
Minnesota. 

The distribution of the genus seems to be 
largely Holarctic, but this probably reflects a 
lack of collecting in other regions. Four species 
are known from Europe, six from North America 
and one each from Costa Rica, Formosa and the 
Seychelles Islands in the Indian Ocean. 
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Rhegmoclema Enderlein 1912 


Rhegmoclema Enderlein, 1912. Zool. Anz. 40: 276. 
Rhegmoclema rufithorax. 

Aldrovandiella Enderlein, 1912. 
Scatopse halterata Meigen. 

Aldrovandiella Enderlein. Melander, 1916, State Coll. 
Wash. Ag. Exp. Sta. Bull. 130, p. 15. 

Aldrovandiella Enderlein. Duda, 1928, in Lindner, Die 
Fliegen Der Palaearktischen Region, B. II, Fasc. 5, 
pp. 42-45. 

Aldrovandiella Enderlein. 
270-271, 289-290. 

Aldrovandiella Enderlein. 
36, p. 294. 

(non) Rhegmoclema, Melander (1916), McAtee (1920), 
Edwards (1925, 1930), Duda (1928 a, b), Beekey 
(1930), Séguy (1940). 


Type 


Zool. Anz. 40: 278. Type 


Duda, 1928, Konowia, B. 7: 


Séguy, 1940, Fauna de France 


The known species of this genus are very small, 
1.30 to 2.32 mm. in total body length. All but 
two of the known species are wholly dark brownish 
black or black with jet black heads. All are 
more or less glossy or shining in appearance. 
The thorax is compressed laterally while the 
abdomen is compressed dorsoventrally and con- 
sequently is considerably wider than the thorax. 

Head: Head hypognathous, laterally com- 
pressed and somewhat elongate. Eyes holoptic 
in both sexes, confined to the anterior one-half of 
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the head, very finely pubescent. Ocelli three, 
located on the vertex immediately above the eyes. 
Antennae of all species twelve-segmented, at 
least as long as head, of a dull black color, 
covered with a fine pubescence and a number of 
short, stout setae. Head capsule convex behind 
the eyes and bearing scattered, short, stout setae. 
A complete tentorium is present. 

Mouthparts reduced, the maxillary palpi one- 
segmented, short, 0.05 to 0.07 mm. long, rounded 
apically and covered with a fine pubescence and 
with short, stout setae. A sensory pit located at 
the apex of each maxillary palp. Labellae 
small, palpiform, without pseudo-tracheae, cov- 
ered with pubescence and setae as are the maxil- 
lary palpi. 


Thorax: Thorax laterally compressed, stoutly 
sclerotized. Scutum and scutellum bearing nu- 
merous, short, scattered setae which cover the 
surface. A more or less regular row of larger 
setae (the supra-alar setae) borne on the lateral 
margin of the scutum just above the wing base. 
Anterior spiracle located at the upper anterior 
corner of a sclerite shaped like a right triangle 
located anterior to the anepisternum of the 
mesothorax; this sclerite bears numerous setae. 
Pronotum with scattered setae. A row of 5 or 6 
very stout setae on the anepisternum immediately 
anterior to the wing base. A row of 5 to 6 setae 
on the anepimeron immediately beneath the 
wing base. Several irregularly-placed setae scat- 
tered ventrad of the posterior spiracle. The 
posterior or postnotal phragma enormously de- 
veloped as in other members of the family and 
extending into the second abdominal segment. 

Wings with the costa, radius, and branches 
of the radius well sclerotized and darkly pig- 
mented; veins M and Cu faint but visible. 
Costa and radius with numerous macrosetae in 
all species. Veins Mi, Mo, Cuz and the membrane 
posterior to Cus with a few macrosetae in all 
known species; some species with macrosetae on 
Cu:. Membrane densely covered with micro- 
trichia. In all but the type species M; is in- 
terrupted at the base, and in all species Cuz has 
two right-angle bends along its course. Halteres 
covered with microtrichia; the capitulum with a 
small number of macrosetae but the pedicel bare. 
Capitulum elongate-oval in form. 

Tarsal segments short and stout. A lobe-like 
empodium present; tarsal claws are small and 
simple. Tarsus one of the metathoracic leg with 
a comb of very stout setae. 


Abdomen: Seven obvious pregenital segments 
in both sexes; the males with seven pairs of 
spiracles, the females with eight pairs—the last 
pair involved in the genitalic complex. Segment 
one shorter than succeeding segments. The 
males of half of the species that I have examined 
have a well developed, reticulate pattern on the 
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cuticle of tergum 1. Terga and sterna well de- 
fined and bearing numerous, short, stout setae. 
Posterior margin of sternum six in both sexes 
with a cluster of very stout, very short setae. 
Membrane of the abdomen with a longitudinally 
ribbed or folded structure and also with short, 
stout setae. 

Male genitalia: The male genitalia are small, 
compact, capsule-like structures composed of 
either the eighth and ninth segments (and ves- 
tiges of the postgenital segments) or, in the event 
that eight is entirely suppressed as has been 
postulated by Edwards (1930), of only segment 
nine. These structures are highly modified, and 
no definitive morphology of the genitalia is here 
proposed. Rhegmoclema minus seems to present 
a fairly generalized picture, however, with articu- 
lated coxites (Plate 2E) and small articulated 
penis valves lying on either side of the sclerotized 
aedeagus. The coxites have apparently become 
fused with the main body of segment 9 in R. 
hubachecki, R. borealis and R. truncatum while 
almost all trace of the coxites has been lost 
in the remaining species. The anus is located 
on a membranous lobe ventrad of the aedeagus 
indicating a 180° rotation of the genitalia in 
all species. 

In common with all Scatopsidae there is de- 
veloped internally a structure that has been 
figured and briefly described apparently only by 
Edwards (1930) which he has termed the “‘vesica”’ 
(Plate 5E). This is a_ sclerotized structure 
developed at the base of the aedeagus which 
lies free within the sixth abdominal segment. It 
consists of a hollow sclerotized sac into which the 
two afferent ducts from the testes open and from 
which the efferent duct leading to the penis arises. 
This sac bears a long, median, spatulate, posteri- 
orly directed apodeme and two wing-like antero- 
lateral apodemes. This vesica lies free in seg- 
ment six and attaches to the external genitalia 
by the aedeagus only in the Scatopsini while in 
other tribes of the subfamily Scatopsinae and in 
other subfamilies it is fused very intimately with 
the external genitalia. 

Female genitalia: The female genitalia are also 
rather complex, and the homologies of parts are 
still obscure. They are also capsule-like but 
rather less so than in the case of the males. 
The only structure that seems fairly certain is 
tergite eight. This has been divided into two 
cercus-like structures which terminate the ab- 
domen posteriorly. This homology is established 
by the fact that each of the two lateral lobes of 
tergite eight bears a distinct and obvious spiracle. 
There is developed in this genus a single large, 
well sclerotized spermatheca. 

The relationship of this genus to other genera 
in the family will be considered in a subsequent 
paper. 


SPECIES 
Tergum 1 with a conspicuous reticulate pattern on 
the cuticle 


a. Tergum 1 without such a reticulate pattern... . 


Sternum of segment 7 smoothly incised posteriorly 
(Plate 3E); coxites blunt, short, articulated 
(Plate 2E) 


a. Sternum 7 sinuously incised posteriorly (Plate 3F); 


coxites forceps-like, apically acute, not articulated 
(Plate 2B) 
Coxites produced posteriorly, forceps-like (Plate 


2A & C) 


. Coxites not produced, genitalia rounded apically 


(Plate 2F & G) 5 
Coxites long, forceps-like (Plate 2A)... ...hubachecki 


a. Coxites short, apically obtuse (Plate 2C)...truncatum 


Sternum 7 with a triangular incision posteriorly 
(Plate 3G) major 


= 


. Sternum 7 with a rounded incision posteriorly 


(Plate 3H) reticulatum 


KEY TO FEMALES OF NORTH AMERICAN 
SPECIES 
Posterior margin of tergum 7 with a median, 
obtuse lobe 
Posterior margin of tergum 7 without a median 


Genitalia with short cercus-like processes (Plate 
4E) truncatum 


. Genitalia with a pair of long, posteriorly directed 


cercus-like processes (Plate 5B) reticulatum 
Posterior margin of tergum 7 with a deep crescent- 
shaped emargination; genitalia as in Plate 4A 
hubachecki 


= 


a. Tergum 7 without deep crescent-shaped emargina- 


tion posteriorly 
Posterior margin of tergum 7 sinuate or shallowly 
emarginate f 
Posterior margin of tergum 7 not sinuate but 
obtusely produced with a minute median incision; 
genitalia as in Plate 4F major 
Posterior margin of tergum 7 shallowly and 
sinuately emarginate; genitalia as in Plate 4D 
.... boreale 


. Posterior margin of tergum 7 shallowly but 


regularly emarginate; genitalia as in Plate 4B 


KEY TO EUROPEAN SPECIES 
Fore coxae and first abdominal sternite yellow 
brown or yellow to orange..............coxendix 


a. Fore coxae and first abdominal sternites dark 


brown or black 
RIN hort Nie nn oo ee ca os cn rel iene ee Deh Secor 
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Male genitalia posteriorly rounded without 
posteriorly directed processes; penis valves short 


(Plate 2D) verralli 


3a. Otherwise 


Male genitalia with two short, stout, posteriorly 
directed processes, penis valves short, projecting 
dorsally (Plate 1A) halteratum 

Male genitalia with long, hook-like penis valves 
surpassing the main body of the genitalia in length 
(See Duda (1929) Text fig. 42, page 44)... winthemi 

Female genitalia with a pair of long, cercus-like 
processes projecting posteriorly (Plate 5A & B).. 6 


. Female genitalia with a pair of short, broad, 


mandible-like processes projecting posteriorly 
(Plate 5C) . .verralli 

Female genitalia with four setaceous lobes pro- 
jecting posteriorly 


. Female genitalia with only two posteriorly project- 


ing, setaceous, cercus-like lobes........ halteratum 
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__ __ — COXITE VESTIGE 
DORSAL VENTRAL 


A. R.HALTERATA 


GC. RHALTERATA 


D. R. RUFITHORAX 
Male Genitalia and Wings of R. halterata and R. rufithorax 
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PENIS VALVE 
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— AEDEAGUS 


A. R. HUBACHECKI 


B. R.BOREALIS 


PENIS VALVE 


PiaTeE II 


~ SEGMENT 9. 


PENIS VALVE 


CG. R. TRUNCATUM 


GR. RETICULATUM 


Male Genitalia of Rhegmoclema spp. 
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Seventh Segment Sclerites of Males 
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SPIRACLE 


DORSAL 


- 


~ 


E.R. TRUNCATUM F. R.MAJOR 


Female Genitalia of Rhegmoclema spp. 
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A.R. HALTERATA 
B. R. RETICULATUM 


D. R. RUFITHORAX 
C.R. VERRALLI 
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PENIS FILIMENT~_ ——> —"—~ LATERAL .APODEME 


| 


POSTIERIOR APOCEME 


E. VESICA, R. HUBACHECKI of 


Female Genitalia of Rhegmoclema spp. and Vesica of Male R. hubachecki 
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Rhegmoclema rufithorax Enderlein 
Ringmociome rufithorax Enderlein, 1912, Zool. Anz. 40: 

276. 

Type species of the genus. 

Male: Total length 1.9 mm. (slide mount); 
color light brown, legs somewhat paler; third an- 
tennal segment very pale. Maxillary palpi 
short, 0.06 mm. Head, thorax and abdomen 
light brown. (This specimen may have been 
considerably faded since Enderlein describes the 
female as having a black abdomen.) Supra- 
alar setae six, in an irregular row. One large 
and two small subspiracular setae beneath the 
posterior spiracle. 

Wing length 1.37 mm., vein M: complete. A 
few macrosetae on veins M,, Me, Cu: and Cuz and 
on membrane behind Cw (Plate 1D). Ab- 
domina! tergite 1 without reticulate pattern on 
cuticle, although numerous clusters of micro- 
trichia are present. Male vesica and apodeme 
0.31 mm. Male genitalia as in Plate 1B. Seg- 
ment 7 of the abdomen as in Plate 3B. 

Female: This has been described in some de- 
tail by Enderlein. The specimen before me 2mm. 
long; otherwise as in the male. Female genitalia 
as in Plate 5D. 

Specimens examined: 1c’, 19; Mahe, Sey- 
chelles Exp.; 08-9. Det. by Enderlein 1913. 


Rhegmoclema halteratum (Meigen), 
new combination 

Scatopse halterata Meigen, 1838, Syst. Besch. VII, p. 55. 

Aldrovandiella halterata (Meigen). Enderlein, 1912. Zool. 
Anz. 40: 278. 

Aldrovandiella halterata (Meigen). Duda, 1928, Jn Lind- 
ner, Die Fliegen der Palaearktischen Region, Bd. IT, 
Fasc. 5, pp. 43-45. 

The complete synonomy of this species and all 
citations up to 1928 are available in Duda’s 
paper on the Palearctic species. It should be 
pointed out, however, that Melander’s (1916) 
reference to this species is erroneous. Melander’s 
specimens were Rhegmoclema hubachecki, de- 
scribed as new in this paper. 

Although this species has been rather fully 
described by Duda (1928) there are some addi- 
tional characters used here which must be 
described. 

Males: Total length 2.00 to 2.32 mm. Color 
dark brownish black to black, somewhat shining 
on head and thorax, abdomen dull, head jet 
black, tarsi brownish; halteres light brownish. 
Maxillary palpi short, 0.067 to 0.085 mm. long. 
Supra-alar setae 7 to 13, in a rather regular row. 
Subspiracular setae 6, one larger. 

Wings 1.55 to 1.58 mm. long, 0.65 mm. wide. 
Vein M; incomplete at base. All veins with at 
least a few macrosetae including Cu. Macro- 
setae also present on membrane posterior to Cuz 
(Plate 1C). 

Abdominal tergum 1 with a well developed 
reticulate pattern covering most of the surface. 
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Segment 7 of abdomen as in Plate 3A. Genital 
vesica and apodemes 0.42 mm. long. Male geni- 
talia as in Plate 1A. 

Females: Totallength1.95to2.18mm. Wing 
length 1.73 to 1.85 mm. Tergum 1 of abdomen 
without reticulate pattern of the males but with 
microtrichia clusters arranged similarly. Other- 
wise identical with the male in color and chaeto- 
taxy. Female genitalia yellowish. Female geni- 
talia as in Plate 5A. Widespread in Europe 
according to Duda and Edwards. 

Specimens examined: 167, Morayshire, Spey 
Bay, July 2, 1936, R. L. Coe; 2 oc’, Bonhill, 
Dumbartonshire, Scotland, July 1912, J. R. 
Malloch; 1 9, Aberdeenshire, Den of Pitlurg, 
July 17, 1936, R. L. Coe; 19, England, Verrall 
(no other data). 


Rhegmoclema coxendix (Verrall), 
new combination 
Scatopse coxendix Verrall, 1912. Ent. Mo. Mag. 48: 22. 
Aldrovandiella coxendix (Verrall). Duda, 1928. Jn Lindner 

Die Fliegen der Palaearktischen Region, Bd. II, Fasc. 

5, p. 43. 

The male of this species has not been available 
to me for this study. It is apparently readily 
distinguished from other species of the genus by 
the bright orange or yellow fore coxae and the 
yellow or orange first abdominal sternum. The 
male genitalia have been figured by Duda from a 
dried specimen and are apparently quite de- 
stinctive from any figured in the present paper. 

Females: Total length approximately 1.70 
mm. Wing length 1.62 mm.; width 0.79 mm. 
General color dark brownish black, rather shining, 
head darker. Anterior coxae bright yellow; ab- 
dominal sternum 1 yellow. Maxillary palpi 
longer than in related species, 0.077 mm. long. 
Supra-alar setae in regular row, 12 in number. 
Subspiracular setae 5, 2 larger. Female genitalia 
as in Plate 4C. 

Specimen examined: 12, Wicken Fen, Cambs., 
Eng., Aug. 21, 1926, C. L. Fox. 


Rhegmoclema verralli (Edwards), 
new combination 
1934. 


Aldrovandiella verralli Edwards, Ent. Mo. Mag. 


70: 139-140. 

Males: Total length 1.90 to 2.2.0 mm. Color 
dark brownish black, shining; head jet black, 
shining; ventral side of abdomen dull black; 
halteres light yellowish brown; empodia yellowish. 
Maxillary palpi short, 0.067 mm. Supra-alar 
setae in rather regular row, 8 to 10 in number. 
Seven subspiracular setae, 1 or 2 larger, the rest 
small and subequal. 

Abdominal tergum 1 with a well developed 
reticulate pattern on the anterior two-thirds. 
Segment 7 of abdomen as in Plate 3C. Genital 
vesica and apodemes 0.53 to 0.58 mm. long. 
Male genitalia as in Plate 2D. 

Females: Total length 2.24to2.29mm. Wing 





1955] Cook: 
length 1.89 to 1.93 mm., width .83 to .86 mm. 
Tergum 1 without reticulation. Otherwise iden- 
tical with the male in color and chaetotaxy. 
Female genitalia as in Plate 5C. 

Specimens examined: 1 co’, Spandau, Prussia, 
August 1898. Pergande. 10,2 ? 9, Ormidale, 
Scotland, July 1912. J. R. Malloch. 


Rhegmoclema winthemi (Duda), 
new combination 
Aldrovandiella winthemi Duda, 1928. Jn Lindner, Die 

Fliegen der Palaearktischen Region, Bd. II, Fasc. 5, 

pp. 44-45, Figures 42 and 43. 

This species is based on 11o7o" and 29 9 which 
were available to Duda from central and northern 
Europe. I have seen no specimens that can be 
referred to this species, but Duda’s figures and 
description indicate a very distinctive form. 


Rhegmoclema formosanum (Duda), 
new combination 
Aldrovandiella formosana Duda, 1928. 

271, fig. 3 (wing). 

Based on a single female from “Toa Tsui 
Kutse’’, Formosa. 

No specimens of this species have been available 
for examination, but the wing venation is quite 
distinctive. This is the only Asiatic species 
known. 


Konowia, 7: 270- 


Rhegmoclema caudatum (Duda), 
new combination 
Aldrovandiella caudata Duda, 1928. 
fig. 20 and Taf. IV, fig. 5. 
Based on one male and one female specimen 
from Costa Rica, Sueza de Turrialba. No speci- 
mens of this species have been available, but 
according to Duda’s figure, the genitalia of the 
male are quite distinctive. 
This seems to be the only known Neotropical 
species of this genus. 


Konowia, 7: 289-290, 


Rhegmoclema hubachecki n. sp. 
Aldrovandiella halterata Melander (not Meigen) 1916. 

State Coll. Wash. Ag. Exp. Sta. Bull. 130, pp. 15-16. 

Males: Total length 1.30 to 1.80 mm. Color 
dark brownish black to black, shining; head jet 
black, shining; ventral side of abdomen dull 
black, halteres pale grey or yellowish with 
pedicel brown or dark grey, empodia white. 
Maxillary palpi short, 0.068 mm. Supra-alar 
setae without definite pattern but 4 to 5 short, 
stout setae present. 5 subspiracular setae, 1 
somewhat larger, the rest subequal. 

Wings 1.24 to 1.45 mm. long, 0.51 to 0.62 mm. 
wide; vein M; incomplete at base; vein Cu; with- 
out macrosetae. 

Abdominal tergum 1 with a well developed 
reticulate pattern covering the whole surface. 
Segment 7 of the abdomen as in Plate 3D. 
Genital vesica and apodemes 0.32 mm. long 
(Plate 5E). Male genitalia as in Plate 2A. 
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Females: Total length 1.55 to 1.90 mm. 
Wing length 1.31 to 1.55 mm., width 0.58 to 
0.63 mm. Tergum 1 of abdomen without the 
reticulate pattern of the males. Female genitalia 
dark brownish black, concolorous with abdomen, 
membranes greyish. Otherwise identical with 
the males in color and chaetotaxy. Female 
genitalia as in Plate 4A. 

Holotype: oo’, Basswood Lake, Lake 
Minnesota, July 15, 1952. E. F. Cook. 

Allotype: 9, Basswood Lake, Lake 
Minnesota, July 11, 1951. R. Namba. 

Paratypes: 10 29, Basswood Lake, 
Co., Minnesota, July 15, 1952. Cook 
Namba. 

Types deposited in the University of Minnesota 
collections. 

Other specimens examined: Massachusetts: 
2c’, Petersham, July 1926; Maine: 147, Pitt- 
ston, Aug. 3, 1930; Michigan: 1c, Hunt Creek 
Exp. Sta. nr. Lewiston, July 20, 1942; Minnesota: 
12, Minneapolis, Aug. 13, 1937; New Hampshire: 
1o’, Benton, July 1, 1931; 1c’, Fabyan, June 30, 
1936; 299, Franconia, July 6, 1936; 5c’, 
39 92, Mt. Washington, July 4, 1936; 1c’, White 
Mountain, July 13, 1931; 1c, Pinkham Notch, 
July 9, 1931; New York: 19, Adirondacks, 
Avalanche Trail, July 30, 1929; 1o7, Lake Placid, 
July 28, 1929; 2o%°%o’, 19, McLean, July 2-5, 
1904; 1c’, Mud Creek, Tompkin Co., June 17-20, 
1904: Ontario: 20, Waubamic, July 17, 1915; 
1c’, 19, White Fox, July 11, 1944. 


Cok 
Coé.. 


Lake 


and 


Rhegmoclema boreale n. sp. 


Males: Total length 1.38 to 1.72 mm. Color 
black, somewhat shining; halteres black; empodia 
yellow. Maxillary palpi short, 0.068 mm. Supra- 
alar setae without definite pattern, only 6 to 7 
stout setae present. Subspiracular setae 2 to 4, 
one larger. 

Wings 1.38 to 1.42 mm. long, 0.65 to 0.69 mm. 
wide. Vein M; incomplete basally. Vein Cu; 
without macrosetae. Abdominal tergum 1 with- 
out dorsal reticulation. Segment 7 of abdomen 
as in Plate 3F. Genital vesica and apodemes 
0.32 to 0.36 mm. long. Male genitalia as in 
Plate 2B. 

Females: Totallength 1.37to1.90mm. Wing 
length 1.37 to 1.72 mm. Female genitalia con- 
colorous with abdomen, brownish black, mem- 
branes yellowish brown. Otherwise identical 
with the male in color and chaetotaxy. Female 
genitalia as in Plate 4D. 

Holotype: o, Chesterfield, Northwest Terri- 
tories, July 12, 1950. J. G. Chillcott. 

Allotype: 2, same data. 

Paratypes: 4070", 39 9, same data. 

Holotype and allotype in the Canadian Na- 
tional Collection. 

Other specimens examined: 19, Ross Bay, 
Melville Peninsula, Northwest Territories, July 19; 
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30°o", 19, Anaktuvuk Pass, Alaska, 68° 20' N, 
151° 30' W, July 8, 1949. 


Rhegmoclema minus n. sp. 


Males: Total length 1.45 + to 1.55 mm. 
Color dark brownish black; legs slightly lighter, 
rather shining; halteres dark brown; empodia 
sordid white. Maxillary palpi short, 0.058 mm. 
Supra-alar setae 7. Subspiracular setae 2, one 
large and one small. 

Wings 1.34 mm. long, 0.69 mm. wide; vein M, 
incomplete basally; vein Cu, without macrosetae. 

Abdominal tergum 1 without reticulate pattern. 
Segment 7 of abdomen as in Plate 3E. Genital 
vesica and apodemes 0.27 mm. long. Male 
genitalia as in Plate 2E. 

Females: Totallength 1.65mm. Wing length 
1.31 mm., 0.65 mm. wide. Subspiracular setae 5, 
one large and 4 smaller. Female genitalia light 
greyish brown, membranes yellowish. Other- 
wise color and chaetotaxy as in the males. 
Female genitalia as in Plate 4B. 

Holotype: oo”, Bear Lake, British Columbia, 
July 20, 1903. R. P. Currie. 

Allotype: 9, same data. 

Paratypes: 1c (head missing), same data; 
1 9, Kalso, British Columbia, June, 1917. A. 
N. Caudell. 

Holotype and allotype in the United States 
National Museum. 

Also examined: 192, Mt. Hood, Oregon (3000 
ft.) July 29, 1921; 19, Grant, Colorado (9500 ft.), 
July 27, 1916. 


Rhegmoclema major n. sp. 


Total length 1.93 to 2.22 mm. Color 
Head jet black; head and 
thorax somewhat shining, abdomen dull. Halteres 
pale grey to pale brownish; empodia grey. Max- 
illary palpi short, 0.058 to 0.068 mm. 5 to 9 
stout supra-alar setae. Subspiracular setae 6 to 
8, one large, the remainder smaller. 

Wings 1.38 to 1.55 mm. long, 0.58 to 0.65 mm. 
wide. Chaetotaxy of wing as in R. halteratum, 
that is, with a few macrosetae on M;, Me, Cu; 
and Cue and on the membrane behind Cuz 
(Plate 1C). 

Abdominal tergum 1 with two reticulate 
patches on each side of the anterior half. Seg- 
ment 7 of abdomen as in Plate 3G. Genital 
vesica and apodemes 0.36 to 0.37 mm. long. 
Male genitalia as in Plate 2F. 

Females: Total length 1.90 to 2.10 mm.; wing 
length 1.31 to 145 mm. Tergum of abdominal 
segment 1 without the reticulate pattern of the 
males. Female genitalia yellow or yellowish as 
in the male. Female genitalia as in Plate 4F. 

Holotype: o’, Lake Amana, Iowa, June 23, 
1928. G. C. Hendrickson. 


Allotype: 9, same data. 


Males: 
dark brownish black. 
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Paratypes: 15 oo’, 2 29, same data as 
types. 

Holotype and allotype in the American Mu- 
seum of Natural History. 

Also examined: JTilinois: 1c, 19, Volo, 
Aug. 12, 1937: Michigan: 1 o, East Lan- 
sing, May 5, 1941; 1 o, Aug. 9, 1941; 1 9, 
June 1, 1937; New York: 1 o&, Dryden Lake, 
Tompkin Co., June 16, 1904; 1 9, McLean, 
July 2-3, 1904; 1 o&, Mud Creek, Tompkin Co., 
June 17-20, 1904; Ontario: 1 9, Bells Corner, 
June 20, 1941; 1 o&, Blackburn, June 13, 1951; 1 
o', Brittania, June 23, 1924; Quebec: 10, 
Norway Bay, Aug. 22, 1938; South Dakota: 1 9°, 
Canton, June 16, 1924; 1 9, Springfield, June 
26, 1924; Wisconsin: 1 o, Washburn Co., July 
26, 1950. 


Rhegmoclema truncatum n. sp. 


Males: *Total length 1.94 to 2.10 mm. Color 
dark brownish black, shining; head jet black, 
shining; sides and ventral region of abdomen dull 
black; halteres pale grey or sordid white; em- 
podia white. Maxillary palpi 0.068 mm. long. 
Supra-alar setae stout, 7 in number, no definite 
row. Subspiracular setae 8, | large, 7 small. 

Wings 1.40 to 1.55 mm. long, 0.55 to 0.57 mm. 
wide. Vein M, incomplete at base. A few 
macrosetae on M;, Mo, Cu; and Cuz as well as on 
the membrane behind Cuz. 

Abdominal tergum 1 with well developed 
reticulate pattern. Segment 7 of abdomen as in 
Plate 3I. Genital vesica and apodemes 0.36 mm. 
long. Male genitalia as in Plate 2C. 

Females: Total length 1.60 to 1.65 mm. 
Wings 1.38 to 1.55 mm. long, 0.59 to 0.65 mm. 
wide. Abdominal tergum 1 without reticulate 
pattern of the males. Subspiracular setae 14, 1 
larger, the remaining smaller, all subequal. 
Female genitalia concolorous with abdomen, 
membrane greyish yellow. Female genitalia as 
in Plate 4E. Otherwise identical with the males 
in color and chaetotaxy. 

Holotype: oo’, Mackay, Idaho, July 7, 
R. W. Haegele. 

Allotype: 9, Hyde Park, Utah, June 11, 
1938. D. E. Hardy. 

Paratypes: 20'%o', Mackay, Idaho, July 7, 
1926; 1 o&, 1 9, Hyde Park Utah, June 11 and 
13, 1938. D. E. Hardy. 

Holotype in the collection of the California 
Academy of Sciences; allotype in the United 
States National Museum. 

Also examined: 1c, Valentine, Nebraska, 
June 11, 1950; 1 o&, White Fox, Saskatchewan, 
July 11, 1944; 1 9, Saskatoon, Saskatchewan, 
July 2, 1927; 2 &o, Yellowstone Park, Roose- 
velt Station, Wyoming, July 5, 1923; 1 o&, Lake 
McDonald, Glacier National Park, Montana, 
August 14, 1916. 


1926. 
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Rhegmoclema reticulatum n. sp. 


Males: Total length 1.86 to 2.12 mm. Color 
dark brownish black, somewhat shining; head 
jet black, abdomen dull brown to black; halteres 
light brown; empodia light yellowish. Maxillary 
palpi very short, 0.051 mm. Supra-alar setae 9, 
stout. Subspiracular setae 9 to 13, one larger. 

Wings 1.41 to 1.58 mm. long, 0.62 to 0.69 mm. 
wide. Chaetotaxy of the wings asin R. halteratum, 
that is, with setae on vein Cu; as well as Cuz. 
Setae more numerous on M,; and Mg and on 
membrane than in other species. 

Abdominal tergum 1 almost wholly reticulate. 
Segment 7 of abdomen as in Plate 3H. Genital 
vesica and apodemes 0.44 to 0.46 mm. Male 
genitalia as in Plate 2G. 

Females: Totallength1.55to2.12mm. Wing 
length 1.31 to 1.83 mm. Tergum of abdominal 
segment 1 without reticulate pattern of the male 
but with small seta clusters simulating this in 
appearance. Female genitalia dark brownish 
black (Plate 5B). Color and chaetotaxy other- 
wise as in the males. 

Holotype: o, Bradford, 
1950. T. N. Freeman. 

Allotype: @, Blackburn, Ontario, June 13, 
1951. 

Paratypes: 292 2, Blackburn, Ontario, June 
13, 1951; 1 9, Washburn Co., Wisconsin, July 5, 


Ontario, Sept. 6, 
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1950. F. H. Jones. 1c, Presque Isl. Co., 
Michigan, July 19, 1942. C. W. Sabrosky. 
Holotype and allotype in Canadian National 


Collections. 
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THE SPECIES COMPOSITION OF FLY POPULATIONS AT SEVERAL TYPES 
OF PROBLEM SITES IN URBAN AREAS 


E. P. SAVAGE anp H. F. SCHOOF 


Communicable Disease Center Public Health Service, U. S. Department of Health, Education and Welfare, 
Atlanta, Georgia 


Little information is available on the species 
prevalence and seasonal distribution of flies 
which frequent the major fly breeding sites in 
the urban areas of the United States. To 
study this aspect of fly ecology, trapping surveys 
were conducted in the vicinity of the copious 
fly production sources at Muskegon and Grand 
Haven, Michigan; Cohoes, New York; Topeka, 
Kansas; and Phoenix, Arizona, during 1949 and 
1950. The principal sites investigated were 
garbage dumps, slaughterhouses, hog feeding 
farms, horse stables, and a poultry ranch. A 
summary of the survey areas is depicted in 


Table I. 


METHODS 


The flies were collected by means of a modified 
type USDA fly trap (Coffey, 1948). A single 
trap was operated at each site for a 24-hour 
period on a weekly schedule. The bait employed 


consisted of fish or chicken viscera, decaying 
vegetables and fruit; fresh attrahents being 
utilized for each trap setting. Handling and 
identification of the specimens was in accordance 
with the procedures outlined by Schoof and 
Savage (1955). Meteorological data for the areas 
were also illustrated in the same paper. 

Because the various communities (except Grand 
Haven, Michigan, and Cohoes, New York) 
were engaged in fly control operations, all of the 
study sites received chemical treatments of one 
or more types. While these applications un- 
doubtedly influenced the quantitative aspects of 
the fly population, the qualitative relationship of 
the different species did not appear to be mark- 
edly affected. 


RESULTS 


Garbage dumps.—F ly trap surveys were con- 
ducted at garbage dump sites in Cohoes, New 
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York, Grand Haven, Michigan, and Muskegon, 
Michigan, during the periods indicated in Table I. 
In each community, the dump extended over an 
area of 5 to 15 acres and served as a disposal site 
for municipal refuse. The refuse which was 
collected from the residential and _ business 
districts consisted principally of putrescible 
wastes. It also included lesser quantities of 
rubbish (grass clippings, bottles and similar 
debris) together with a minor amount of excre- 
ment. The usual operational practice was to 
unload the garbage in specified areas of the 
dump, after which the material was partially 
burned. 

The predominant species recovered from the 
garbage dump collections was the green-bottle 
fly, Phaenicia sericata (Mg.), which ranked first 
in prevalence at all sites. The population trend 
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where it averaged 745 flies per collection for the 
season. The peak density of this species was 
greatest at Muskegon, Michigan, when an index 
of 5,533 specimens per collection was obtained in 
July, 1950. This compared to a maximum of 
1,028 flies per trap collection in July, 1949. At 
Cohoes, New York, and Grand Haven, Michigan, 
P. regina peaked at densities of 2,302 and 802 
flies, respectively. The population curve was 
similar for all cities with the June-July peaks 
being preceded by sharp rises and followed by 
precipitous declines. After mid-September, P. 
regina was not abundant at any site. 

The house fly, Musca domestica L., also was 
recovered frequently from dump site collections. 
The incidence trend of this species displayed a 
sharp elevation in July with acmes of 2,793 and 
3,244 flies per collection being reached at Cohoes, 


TABLE I 


TYPE, 





PROBLEM ARE A 


Garb: ige Dump C ohoes, New Y ork 


Grand Haven, Michigan 
Muskegon, Michigan 
“ ae 


Topeka, Kansas 


Hog Farm 
‘ “ 


a“ “ 


Phoenix, Arizona 


Fish Processing Plant... 

Slaughterhouse 

Slaughterhouse and Rendering 
Topeka, Kansas 


Rendering Plant. Phoenix, Arizona 


I oaltry Ranch Phoenix, Arizona 
Horse Stables....... aie - = 


of this species followed the same general pattern 
at each dump. A progressive increase in 
numbers occurred until July and August when 
peak prevalences were attained. The magnitude 
of the peak densities in 1949 varied from 1,928 
flies per collection at Muskegon, Michigan, to 
13,891 flies per collection at Cohoes, New York. 

The descent of the population curve of P. 
sericata’ was most precipitous at the Grand 
Haven, Michigan, garbage dump where den- 
sities fell from an August peak of 9,261 flies per 
collection to less than 300 flies per collection 
within a three-week interim. At the Cohoes, 
New York, and Muskegon, Michigan, sites, the 
downward trend of the population curve was 
less accelerated and reached a relatively stable 
level of less than 500 flies per collection after 
September. 

Phormia regina (Mg.), ranked second in 
relative abundance at Muskegon, Michigan, and 
Cohoes, New York, and fourth at Grand Haven, 
Michigan. This species appeared most fre- 
quently in the collections at Cohoes, New York, 


Gr. or" Haven, Michie: an 
Muskegon, Michigan 


Loc ATION, AND PE RIOD OF SURVEILLANCE OF Su RVEY SITES 


NUMBER OF TRAP 
SURVEY PERIOD COLLECTIONS 


May- Novenibee, 1949 26 
June-October, 1949 16 
June-October, 1949 18 
April- September, 1950 20 
March- Daciniee. 1949 34 
May-November, 1950 25 
February-December, 1949 40 
July Oc tober, 1949 14 
June-October, 1949 17 


May-November, 1949 24 
February- “August, 1949 25 


March- December, 1949 38 
April-December, 1949 : 


New York, and Grand Haven, Michigan, during 
August. At Muskegon, Michigan, M. domestica 
peaked at densities of 794 and. 302 flies per collec- 
tion during 1949 and 1950, respectively. In each 
community, the peak prevalence was followed by 
a sharp decline to the extent that M. domestica was 
practically absent from the collections after 
September 1. On a seasonal basis, M. domestica 
averaged 1,090 flies per collection at Grand 
Haven, Michigan, 415 flies per collection at 
Cohoes, New York, and 234 flies per collection at 
Muskegon, Michigan, during 1949. 

Phaenicia sericata, Phormia regina, and Musca 
domestica were the species most abundant at the 
three dump sites studied. With the exception 
of Callitroga macellaria (F.) at Grand Haven, 
Michigan, none of the remaining species! (figure 
1) attained an incidence greater than 6 percent of 


\Ophyra leucostoma (Wd.), Protophormia terrae-novae 
(R.D.), Muscina stabulans (Fall.), Lucilla tllustris (Mg.), 
Fannia canicularts (L.), Cynomyopsis cadaverina (R.D.), 
Bufolucilia siluarum (Mg.), Phaenicia caeruleiviridis 
(Macq.), Muscina assimilis (Fall.), and others. 
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the total flies collected. The high percentage 
of C. macellaria at Grand Haven in contrast to 
the other sites presumably reflects the frequent 
occurrence of fish wastes in the household garbage. 
Attractant surveys have indicated fish wastes 
to be more prevalent in the city of Grand Haven 
than at Cohoes, New York, or Muskegon, 
Michigan. The trap data for the fish processing 
plant in Grand Haven likewise show a high per- 
centage of C. macellaria (p. 7). 
Slaughterhouses—The commercial establish- 
ments considered under this category included a 
fish processing plant, rendering works, abattoir, 
and a combination rendering and meat packing 
concern.2, The rendering plant at Phoenix, 
Arizona, processed all types of dead animals, the 
resultant wastes consisting of paunch manures, 
blood, and the usual offal. Since the removal of 
these wastes from the premises is not a standard 
practice in the southwest, a copious and con- 
tinous source of fly production is assured. At 
Topeka, Kansas, the combined rendering plant 
and horse meat processing concern covered an 
area of 10 acres. While plant management pro- 
vided for the removal of certain daily wastes, the 
general neglect of sanitation by operational per- 
sonnel was such that ample opportunity existed 
for heavy fly propagation. Similar conditions 
2These sites were grouped primarily on the criterion 
that each handles animal by-products and/or wastes. 
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SPECIES COMPOSITION OF FLY TRAP COLLECTIONS 
AT HOG FARMS 
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prevailed at the Muskegon abattoir although the 
concern was smaller in size. The fish processing 
plant at Grand Haven, Michigan, prepared fish 
for human consumption. Although exterior sani- 
tation was of a high order, the odors inherent 
with this type of operation served to attract a 
large number of flies to the establishment. 

Collection data for the four establishments 
(figure 2) indicated that Phormia regina and 
Phaenicia sericata were the predominant species 
at the three Michigan and Kansas sites where 
they represented 66, 59, and 47 percent of the 
total flies trapped. In contrast, the predominant 
fly at Phoenix, Arizona, was Musca domestica 
which far overshadowed the other species by 
comprising 83 percent of the total number of 
specimens captured.* The house fly was taken 
frequently at Topeka, Kansas (35.4 percent) but 
represented less than 8 percent of flies retrieved 
at the two Michigan cities. 


SEASONAL PREVALENCE OF Musco domestica 
AND Phoenicia sericata 
HOG FARM, PHOENIX, ARIZONA 
1949 
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At the Grand Haven fish processing plant, 
Phaenicia sericata was the most prevalent species 
when it constituted 50.3 percent of -the total 
flies recovered. At the other sites, this species 
was of lesser importance. Although it repre- 
sented only 8.9 percent of the flies collected at 
Phoenix, P. sericata showed a peak index in April 
of 3,200 flies per collection as compared to July 
and June maxima of 810 and 2,330 specimens at 
Topeka, Kansas, and Muskegon, Michigan. At 
Grand Haven, Michigan, the July-August peak 
was 14,722 flies per collection. 

Phormia regina ranked first in abundance at 
Topeka, Kansas, and Muskegon, Michigan, 
abattoirs where it composed 40.6 and 48.9 
percent of the total flies captured. Peak pre- 
valence occurred in June at Topeka (7,748 
flies per collection) and in June at Muskegon 
(8,946 flies per collection). In the Kansas area, 


8The preponderance of M. domestica was somewhat 
favored by the termination of surveys in August. The 
cooler weather of late fall normally increased the blow 
fly prevalence over that present during the hot summer 
months. 
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the abundance of this species dropped to a 
minimum level after October; in Michigan, a 
similar decrease occurred after August. At 
Phoenix, Arizona, Phormia regina represented 
4.0 percent of the total flies captured at the 
rendering plant. It exhibited a peak density in 
April (1,532 flies per collection), prevalence there- 
after progressively declining to less than 200 
flies in May. 

At the Phoenix, Arizonia, rendering plant, M. 
domestica showed a peak of abundance in May 
when 18,357 specimens per collection were re- 
covered. In seasonal prevalence, this species 
averaged 5,887 flies per collection at Phoenix as 
compared to 1,499, 605, and 348 specimens, re- 
spectively, for Topeka, Kansas, Grand Haven and 
Muskegon, Michigan. In Kansas, seasonal max- 
imum of house fly abundance occurred in July; 
in Michigan, the maxima for the two cities were 
in July and August. 

The secondary screw-worm, Callitroga ma- 
cellaria, was recovered at the four sites, but as- 
sumed a major role only at the fish processing 
plant in Grand Haven, Michigan. At this loca- 
tion, C. macellaria ranked second in abundance, 
comprising 17.4 percent of the total flies re- 
covered. Seasonal indices for the species ranged 
from a low of 11.1 flies per collection at Muskegon, 
Michigan, to 1,648 specimens per collection in 
Grand Haven. Peak densities occurred in June 
at Phoenix, Arizona, and in August at the 3 
remaining establishments. 

Ophyra leucostoma occurred at the Michigan 
and Kansas plants but was absent at Phoenix. 
In the Michigan area, this species ranked fourth 
in abundance at both sites. Maximum densities 
in this area prevailed in July and August when 
872 and 2,580 flies per collection were recovered 
at Muskegon and Grand Haven, respectively. 

Hog Farms.—Two establishments were included 
in this category, one at Topeka, Kansas, the 
second at Phoenix, Arizona. Both farms were 
commercial enterprises wherein garbage col- 
lected in the city was transported to the sites for 
hog consumption. Approximately 1,500 to 2,500 
hogs were continuously quartered at these es- 
tablishments which covered areas of 15 to 20 
acres. At Topeka, only the food wastes were 
deposited at the farm. In Phoenix, the food 
wastes from the business area were fed directly 
to the hogs in the pens. In addition, the stock 
was allowed to forage over refuse (household 
garbage, cans, bottles, boxes) collected in the 
residential areas and dumped on the expanse ad- 
joining the feeding pens. 

The species composition of the prevalent flies is 
shown in figure 3. At Phoenix, Arizona, Musca 
domestica constituted 86.3 percent of the total 
flies trapped, a predominance which was to be 
anticipated in view of the general prevalence of 
house flies in the area. Maximum prevalence 
for M. domestica occurred in May when an index 
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of 11,770 specimens per collection was obtained 
(figure 4A). Although the species depicted in 
figure 3 represented 98.8 percent of the total 
flies captured, the remaining 1.2 percent con- 
sisted of 29 different species.‘ 

At the Topeka, Kansas, hog farm, the house 
fly was the predominant species in both 1949 and 
1950. In 1949, M. domestica displayed a marked 
preponderance over the other flies when it ac- 
counted for 93.9 percent of the total flies re- 
covered. In 1950, the cool, wet season dimin- 
ished house fly production to the extent that it 
represented only 53.7 percent of the total flies. 
The average number of house flies per collection 
in 1949 totaled 14,703 as compared to 674 flies 
in 1950, a reduction of 95.5 percent. In com- 
parison, over-all fly densities at the site dropped 
94.2 percent. 

Prevalence trends for M. domestica (figure 5A) 
at Topeka, Kansas, followed the general curve 
for that area with peaks being recorded late 
July (1949)-August (1950). The maximum col- 
lection of house flies ever trapped on these studies 
was taken at this site in August 1949 when 
87,915 specimens were recovered from a single 
trap sample. 

Although Phormia regina represented 3.2 per- 
cent of the total flies trapped in 1949 at Topeka, 
Kansas, the number of specimens per collection 
(508 flies) exceeded that obtained in 1950 (205 
flies) when the black blow fly comprised 15.6 
percent of the total fly population. Prevalence 
trends for this species are shown in figure 5C. 

The green-bottle fly, Phaenicia sericata, was 
second in importance at Phoenix, Arizona, and 
third at Topeka, Kansas. Yearly indices based 
on specimens per collection for the two areas 
were of similar magnitude (191 and 193 speci- 
mens). Seasonal trends of abundance for P. 
sericata are shown in figures 4B and 5B. 

Other species common to both Arizona and 
Kansas were Callitroga macellaria, Muscina stabu- 
lans, (Fall.) and Phaenicia pallescens (Shannon). 

Poultry Ranch.—This poultry ranch in Phoenix, 
Arizona, was located immediately adjacent to 
the city limits. Since the chief purpose of the 
enterprise concerned egg production, each chicken 
was maintained in a separate, elevated wire cage, 
the cages being arranged in double batteries 


4Aldrichina grahami (Ald.), Calliphora coloradensis 
Hough, Chrysomyza demandata (F.), Eucalliphora lilaea 
(Walk.), Euxesta nitidiventris Lw., Fannia femoralis 
(Stein), Fannia ‘‘pusio group’’, Gymnopa spp., Hylemya 
cilicrura (Rond.), Muscina assimilis (Fall.), Ophyra 
aenescens (Wd.), Paregle cinerella (Fall.), Phaenicia mexi- 
cana (Macq.), Ptophila casei (L.), Sarcophaga aurea 
(Tns.), Sarcophaga barbata Thoms., Sarcophaga bishoppi 
Ald., Sarcophaga effrenata Walk., Sarcophaga errabunda 
Wulp, Sarcophaga haemorrhoidalis (Fall.), Sarcophaga 
laakei Hall, Sarcophaga l'herminieri R.D., Sarcophaga 
ochripyga Wulp, Sarcophaga plinthopyga Wd., Sarcophaga 
rapax, Walk., Sarcophaga sarracenioides Ald., Sarcophaga 
sueta Wulp, Sarcophaga vagabunda, Synthesiomyia nudiseta 


(Wulp). 


Savage and Schoof: Fly Populations in Urban Areas 


under open, tin-roofed shelters. Droppings from 
sach chicken accumulated in a cone-shaped mass 
below the individual cage. This excrement, 
coupled with spilled feed and water leakage, 
provided an excellent source of fly attractivity and 
breeding media. 

The predominant fly frequenting this establish- 
ment was M. domestica which comprised 94.4 
percent of the total flies recovered (figure 6). 
Peak house fly prevalence occurred in July when 
an index of 16,653 flies per collection was ob- 
tained. The occurrence of the seasonal maximum 
in midsummer contrasts sharply with the general 


FIGURE 5 
SEASONAL PREVALENCE OF Musca domestica 
Phaenicia sericata AND Phormia regina 
HOG FARM, TOPEKA, KANSAS 
1949 
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picture of a May period of house fly abundance in 
the Phoenix area. Since the habitat conditions 
as regards availability of moisture are essentially 
the same as are found at other problem sites 
which yielded May peaks of M. domestica, the 
data are perplexing. 

The remaining species recovered were prin- 
cipally blow flies, Phaenicia sericata, Phaenicia 
pallescens, Phormia regina, and Callitroga macell- 
aria. During April and May, these flies dis- 
played peak indices but thereafter they formed 
only minor segments of the fly population. P. 
regina was absent from collections after late June, 
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and except for 2 specimens in Septenber, did not 
reappear until early November. 

Muscina stabulans showed a major abundance 
in April and was relatively scarce during the 
July-December period. 

Horse Stables.—The horse stables at Phoenix, 
Arizona, were part of a commercial dairy which 
employed horse-drawn vehicles for milk delivery. 

As the data (figure 6) indicate, M. domestica 
(95.5 percent) was the predominant fly recovered. 
Peak index for this species prevailed in late May 
when 20,408 specimens per collection were 
recorded. Subsequent indices progressively de- 
clined to and remained at levels of less than 
8,000 flies per collection. 

The remaining species trapped at this location 
were Phaenicia sericata, Phaenicia pallescens, 
Phormia regina, Callitroga macellaria, and Mu- 
scina stabulans. The species composition of the 
fly population at the horse stables thus par- 
alleled that exhibited at the poultry ranch. 


rovers 
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DISCUSSION 


The data reported were obtained to determine 
the effect of habitat and geographic location 
(i.e., climatic conditions) or both upon the 
species composition of fly populations at problem 
sites. However, it must be recognized that the 
comparability of the results is influenced by the 
degree of similarity in the physical make-up of 
the sites in the different areas and by the use of 
control measures in certain communities. For 
the purposes of study, arbitrary grouping of 
dump sites and hog farms was effected. While 
the attractivity of flies to animals and their 
waste products is a valid differentiation between 
hog farms and dumps, nevertheless it is equally 
obvious that at the particular sites surveyed the 
putrescible wastes (and the fly infestations there- 
in) were essentially the same for both hog 
farms and dumps. The Phoenix hog farm 
in part actually represented hogs feeding on a 
refuse dump. The same method of arbitrary 
grouping was also utilized for the slaughter- 
house category. 
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The influence of control applications upon the 
findings could be critical if too great an em- 
phasis was placed upon the quantitative aspects 
of the data per se. Thus, where treated and 
untreated problems exhibit parallel maxima or 
seasonal density indices, consideration must be 
given to the possibility that the treated indices 
would have been higher were it not for the sup- 
pressive measures employed.’ However, the 
seasonal trends for the different species followed 
those recorded for the respective areas under 
untreated conditions except for the one instance 
at the poultry ranch. 

As was indicted in a previous paper, the general 
ratio of house fly to blow fly prevalence varies 
from northeast (Troy, New York) to southwest 
United States (Phoenix, Arizona) with blow flies 
predominant at the former, and house flies at the 
latter location. The present data suggest that 
climatic factors are the primary agents re- 
sponsible for the make-up of the fly population 
at a given location. Habitat conditions on the 
other hand assume a major role in delineating 
species composition and rank order when climatic 
conditions are equally suitable for propagation of 
the various species. 

Demonstration of these factors is found in the 
general prevalence of M. domestica in Phoenix, 
Arizona, at the various sites studied. Here M. 
domestica represents the predominant fly in the 
community during 9 to 10 months of each year. 


At Topeka, Kansas, the environment is suitable 
for both blow fly (Phaenicia and Phormia) and 


M. domestica production. As a result, the type 
of habitat can exert a deciding influence upon 
the components of a fly population which frequent 
a given site. 

At the Topeka, Kansas, hog farm, prevailing 
conditions were conducive to maximum M. 
domestica populations in 1949 (93 percent), 
whereas at the rendering-meat packing concern, 
this species represented only 35 percent. Blow 
flies which constituted less than 6 percent of hog 
farm population formed 57.6 percent of the flies 
trapped at the rendering-meat packing concern. 

In the northern States of New York and Michi- 
gan, climatic conditions permit a higher incidence 
of blow flies than of M. domestica. Both dump 
areas and abattoirs in these areas showed a 
predominance of blow flies. 

This shift in predominance from Musca domes- 
tica to blow flies (Phaenicia sericata, Phormia 
regina) in these geographic areas appears to be 
largely covered by the reverse response of the 

5The broadness of this statement arises from the 
fact that the application of control measures is not 
always reflected in the magnitudes of the trap indices 
even though the over-all fly prevalence at a site may 
have been affected. Because of this and the different 
mortality levels produced by the various chemical 
measures, it is always difficult to determine how much 
weight should be ascribed to the effect of control appli- 
cations upon the results obtained. 
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two groups to temperature change. Although 
Musca domestica can and does thrive in northern 
climates its period of predominance and maximum 
prevalence is confined largely to the summer 
months of July and August. Whenever summer 
weather continued into early fall, house fly 
prevalence likewise is sustained. In contrast, the 
two blow fly species (Phormia regina, Phaenicia 
sericata) are better adapted to cool weather, 
generally being most prevalent in spring and 
arly summer. When spring temperatures lag 
into the summer months, the activity and 
prevalence of the two species (particularly 
Phaenicia sericata) are prolonged. 

The Topeka data illustrate the responses of 
these three species to variations in weather condi- 
tions. In 1949, average temperatures for the 
months of June, July, and August were 5° F. 
higher than those for 1950. Rainfall for the 
same period in 1949 was 21.4 inches; in 1950, 
22.7 inches. The average yearly index for M. 
domestica dropped from 15,148 specimens per 
collection in 1949 te 703 specimens per collec- 
tion in 1950, a reduction of 95.5percent. With 
Phormia regina, the yearly index also decreased 
from 504 flies per collection to 205 flies per col- 
lection (60 percent decrease). Phaenicia sericata 
displayed indices of 191 and 194 flies per collec- 
tion for the two years. Thus the change in 
condition in 1950 produced a marked reduction in 
number of M. domestica and a lesser diminution of 
the Phormia regina population while Phaenicia ser- 
icata prevailed at the same level of abundance. 
A further effect of the environmental change is 
the advance in the period of peak prevalence for 
M. domestica and Phaenicia sericaia. The latter 
manifested density maxima in June 1949 and 
August 1950; M. domestica, in July 1949 and 
August 1950. 

Further insight into the influence of the habitat 
upon the species composition of the resident fly 
population can be obtained from the Phoenix 
data. At those sites where animal excrement was 
the chief component of the available attrahents 
(poultry ranch, horse stables), M. domestica dis- 
played its highest level of predominance (94- 
TERRICOLER DIPTEREN-LARVEN. 
Brauns. Pp. 156, 75 figs., 1 diagram. 

‘‘Musterschmidt”’ Wissenschaftlicher Verlag, 
Gottingen, Germany. 1955. 

This volume, issued as ‘‘Untersuchungen zur Ange- 
wandten Bodenbiologie, Band 2’’, follows the same 
general plan as its predecessor, the first of the series, 
which dealt with the dipterous larvae of the forest 
floor (cf. Ann. Ent. Soc. Amer., 48:16, for review). It 
is characterized by the same preciseness, care in prep- 
aration, adequacy of illustration, and usability, and is 
a fine contribution to the field of immature insect tax- 
onomy and ecology. s 

After quite a detailed key to the families (pp. 16-36), 
the families are discussed individually, with such in- 
formation as recognition marks, place and time of pupa- 
tion, and duration of the pupal stadium. Admittedly, 
the information is fragmentary, but the author attempts 
to generalize as much as possible. In some cases, 
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95 percent). When, in addition to excrement, 
other wastes such as meat, blood, and refuse 
were present (rendering plant, hog farm), M. 
domestica predominance (83 to 86 percent) 
dropped because these attrahents served to at- 
tract a greater part of the blow fly component of 
the fly population. Although percentage-wise 
the difference was approximately 10 percent, 
this level assumes signific ance in an area which 
is essentially the domain of M. domestica. 


SUMMARY 

1. Fly trap surveys were conducted in urban 
areas of Michigan, New York, Kansas, and 
Arizona at problem sites such as garbage dumps, 
hog farms, abattoirs, fish processing plant, 
poultry ranch, and horse stables during 1949 
and 1950. 

2. The predominant species trapped on 4 
garbage dumps in Michigan and New York was 
Phaenicia sericata. This species constituted 42 
to 70 percent of the total flies collected at these 
sites. 

3. Phaenicia sericata, Phormia regina, and 
Musca domestica were the principal flies recovered 
at abattoirs and a fish processing plant in Michi- 
gan and Kansas. In Arizona, M. domestica 
predominated in the flies recovered at a rendering 
plant (83 percent of the total flies captured). 

4. In 1949, fly populations at hog farms in 
Kansas and Arizona were composed chiefly of 
Musca domestica (94-95 percent). A similar 
predominance of M. domestica prevailed at a 
group of horse stables and at a poultry ranch in 
Arizona. 

5. Data suggest that climatic conditions are 
the primary factors which govern species pre- 
dominance at a given location, with the type of 
habitat being of secondary importance. 
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family treatment is actually based on the knowledge 
of a single species or genus, but that fact is always 
readily apparent in the discussion. Frequently char- 
acterizations are carried to the subfamily or sometimes 
to some of the more important or better known genera 
or species; but, below the family level, keys are pre- 
sented only to the genera of Cylindrotomidae (Tip- 
uloidea) and to the subfamilies of Stratiomyidae. 

As in the volume on larvae, a biological section 
(Bodenbiologischer Teil) is included, devoted, in this 
case, to the place of pupation and, in particular, as 
related to succession in tree stumps. A discussion of 
taxonomic characters in dipterous pupae, a discussion 
of types of insect pupae in general, and a key to insect 
pupae, conclude the text. There is a list of citations 
and index. The illustrations, mostly line-drawings but 
with some photographs to illustrate conditions in tree- 
stump succession, are grouped at the end of the work. 

MAURICE T. JAMEs. 
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What are the sources of flies in a city? To 
the persons who are responsible for municipal fly 
control, this question is more than academic in 
nature. Its answer requires an investigation of 
the sources of fly production in the city, the 
type of flies produced therefrom, and the relative 
importance of each in the over-all fly problem. 
Basic knowledge on these aspects represents the 
initial step towards effective community fly 
abatement. 

Muscoid flies have long been associated with 
the presence of man and his domestic animals. 
Because of the latter, fly breeding on farms and 
in rural areas has become accepted as a natural 
by-product of agricultural practices. With the 
general decrease in numbers of farms, the at- 
tendant shift in human populations from rural 
areas to metropolitan centers, and the replace- 
ment of the horse by automotive transportation, 
a general decline in the fly problem would appear 
as the logical end result. However, despite 
these changes in the human habits, flies continue 
to affect man’s well being even in municipalities 
where sanitation measures have tended to nullify 
the more obvious sources of fly production. 

To determine the sources of muscoid fly pro- 
duction in a metropolitan area, larval surveys 
were conducted in Phoenix, Arizona (population 
105,000), in 1951 and 1952 as part of the research 
phase of the Communicable Disease Center’s 
Poliomyelitis Investigations-Fly Control Pro- 
gram. The purpose of this paper is to report the 
results of that portion of the study which have 
particular reference to species utilization of the 
different fly breeding media. 

METHODS 

The study area which was briefly described by 
Schoof ef al. (1952), included approximately 
1,500 city blocks, all of which were serviced by a 
sewerage system. For purposes of appraising 
adult fly densities, the city had previously been 
divided into 108 units, each unit comprising an 
average of 10 more or less homogeneous blocks in 
congested areas and 20 blocks in the less densely 
populated areas. Within each unit, the block 
which displayed the highest fly densities was 
considered the fixed station block, its designa- 
tion being subject to change as conditions within 
that particular unit required. 
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These fixed station blocks were used as in- 
spection sites during the course of the larval 
survey. Approximately 108 fixed stations were 
surveyed on a routine schedule whereby each 
block was inspected about once every 6 weeks or 
an average of 9 times during the year’s survey. 
In addition to the fixed station coverage, certain 
dump stations (abattoirs, chicken ranch, etc.) 
which showed extremely high fly densities also 
received periodic surveillance. 

On each inspection, a diligent search was 
made for all larval-infested substrates in the 
block. A representative sample of larvae ob- 
served was collected with forceps, dropped in 
vials containing preservative fluid, and later 
identified in the laboratory. Field records in- 
cluded the usual collection data, type of medium, 
and the amount and degree of fly infestation. 


RESULTS 


Table 1 shows the incidence of fly larvae ob- 
tained from the different categories of media.!? 
As an aid to analysis, table 2 was derived from 
table 1, and shows a consolidation of 21 different 
kinds of media into four general categories. 

In comparing the total numbers of positive 
samples collected in the four general categories 
(table 2), it is evident that contained garbage 
was the prevalent medium. Consideration should 
be given to the fact that the cosmopolitan oc- 
currence of this substrate increased the likelihood 
of observed infestations. While many of the 
residential blocks surveyed did not contain 
animal pens, almost all were practically certain 
to have garbage cans. Moreover, household 
wastes is a medium which is readily utilized by 
flies. 

With one exception, Musca domestica exceeded 
in incidence all other species of flies in the four 
categories of media. Since 10 species were 
considered, it is significant that more than 50 


‘Since two or more different species frequently in- 
fested the same sample, the total number of positive 
samples per type medium does not necessarily represent 
the sum of the figures listed for the 11 categories. 

*Limitation of surveys to city blocks excluded samp- 
ling of human excrement in privies located in fringe 


areas. Studies of fly production from human feces are 
reported in a separate paper: Schoof, H. F. and R. E. 
Siverly. 1954. Privies as a source of fly production in 
an urban area. Amer. Jour. Trop. Med. 3 (5): 930-5. 





1955} Siverly and Schoof: 
percent of the total samples were positive for 
this single species. House fly larvae were 
recovered from all types of excrement but were 
least common in dog excrement. Among the 
miscellaneous media, more than 73 percent of the 
positive samples of grass clippings, ‘‘dishwater,”’ * 
melons, and stock feed yielded Musca domestica. 
The blow flies Phaenicia sericata and Phaenicia 
pallescens appeared well adapted for utilizing 
garbage as a production medium, but were less 
suited than other prevalent species for infesting 
animal excrement. M. domestica occurred more 
frequently than P. pallescens in scattered garbage 
but less frequently than that species in contained 
garbage. Similar variances also have been noted 


SEASONAL VARIATION 
POSITIVE FOR 6 
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sites for larvi-position. The larvae apparently 
develop rapidly enough so that desiccation in 
individual droppings and stools is not a serious 
inhibiting factor. While other species also util- 
ized cow excrement as a breeding source, Sarcoph- 
aga infested more than 92 percent of the positive 
dog stools (table 1). 

Both Muscina stabulans and Muscina assimilis 
were present in the Phoenix area, but M. stabulans 
was the species most frequently observed. It is 
estimated that s/abulans constituted 75 percent 
of the Muscina larvae recovered. While Muscina 
spp. were collected readily from a variety of media, 
40 percent of the infestations occurred in con- 
tained garbage. 


IN PERCENTAGE OF SUBSTRATES 


SPECIES OF FLIES 


PHOENIX, ARIZONA 
1951-1952 


SH 


SS 


Sa 


KOSO505 
oo 


~ 
0 


a 
J 
- 
wn 
Li 
w 
2 
wn 
WwW 
aad 
a 
= A 
a 
yn 
w 
o 
_ 
= 
WW 
oO 
x 
WwW 
a 


Phoenicia 
domestica pollescens spp. 
in larval surveys conducted at Topeka, Kansas, 
and Charleston, West Virginia. P. pallescens 
was observed frequently in garbage can environs, 
and displayed the ability to enter containers 
through openings not greater than one-eighth of 
an inch in diameter. 

There were 12 or more species of Sarcophaga 
indigenous to the study area but no attempt was 
made to identify the larvae beyond generic rank. 
Although Sarcophaga exhibited some versatility 
in utilization of different types of media, the 
larvae were recovered from animal excrement 
more frequently than other type substrates. Dog 
stools and cow droppings appear to be favored 


3Denotes moist soil impregnated with organic matter 
present in ‘‘dishwater wastes.”’ 


Sorcophaga 


LEGEND 
SPRING K9525 SAMPLES 
SUMMEREZJ786 SAMPLES 
FALL E3490 SAMPLES 
WINTER MB447 SAMPLES 


=<. 
Calliphora 
spp 


Phoenicia 
sericaota 


Muscina 
spp. 


The blow flies Phormia regina, Calliphora and 
Callitroga macellaria, and the muscids, Stomoxys 
calcitrans and Ophyra, were of minor occurrence 
in the larval samples. As was Phaenicia, these 
blow flies appeared much better adapted to pro- 
pagation in garbage than they did in excrement. 
In contrast, Stomoxys and Ophyra infested ex- 
crement more frequently than garbage. In rabbit 
excrement, Ophyra was recovered as frequently 
as M. domestica. 

As table 3 shows, M. domestica displayed the 
greatest versatility as regards the infestation of 
various substrates. Out of 21 different media, 
M. domestica larvae were not recovered from 
only two media: waste fruit and bones. Neither 
of these substrates can be regarded as good pro- 
duction media for any of the common muscoid 
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flies (table 1). In general, the Muscidae appear 
to be more capable of utilizing the different 
production substrates than do the Calliphoridae. 
Although both species of Phaenicia were re- 
covered from 10 types of media, their incidence 
in substrates other than garbage was infrequent, 
as indicated in table 1. Only 14 of the 2,248 
positive samples were taken from carcasses. Had 
this type medium been more available, the in- 
cidence of Callitroga macellaria probably would 
have been much higher. 

The seasonal occurrence of 6 species of flies is 
shown in figure 1. In view of the climate of the 
area, the seasons of the year are: March, April, 
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collected throughout the vear, its highest in- 
cidence (7.2 percent) was lower than the minimum 
seasonal index for P. pallescens (8.3 percent). P. 
sericata was essentially a cool weather fly, while 
P. pallescens was most prevalent during the 
warmer months of the year. While present 
survey data are too meager to establish the 
prevalence of P. sericata adults during spring and 
fall, trap collection findings substantiate this 
point. In addition, the earlier studies of Deonier 
(1942) revealed that high temperatures were a 
limiting factor for P. sericata in southern Arizona. 

Sarcophaga appear to be inhibited in their 
development by extreme temperatures, but better 


TABLE I 


FREQUENCY OF OCCURRENCE OF DIFFERENT FLY LARVAE IN VARIOUS BREEDING MEptIA (2,248 SAMPLES). 


Chicken 
Scattered 


Musca domestica 
Phaenicia sericata 
Phaenicia pallescens 
Sarcophaga spp 
Phormia regina 
Muscina spp 
Calliphora spp 
Stomoxys calcitrans 
Callitroga macellaria 
Ophyra aenescens 


Others 


Total Pos. Samples 


Per Type Medium 150 | 177 133 | 5 | 106 | 26 
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*Specifically, the product of a perennial or woody plant; e.g., citrus, apple. 


May (Spring); June, July and August (Summer) ; 
September, October and November (Fall); and 
December, January and February (Winter). 
M. domestica larvae were predominant during all 
seasons of the year, the lowest incidence in winter 
exceeding the highest incidence of any other 
species, regardless of season. P. pallescens ap- 
pears to be well adapted to summer conditions in 
this area, .is profile in figure 1 bearing more 
resemblance to that of M. domestica than to any 
other species. Adult population trends likewise 
indicate that P. pallescens usually attains peak 
prevalence later in the season than does M. 
domestica. 


Although larvae of Phaenicia sericata were 
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adapted to year-round production than Muscina 
spp. As the data indicate, the latter species 
occurred chiefly during the cool seasons of the 
years. 

In view of the higher incidence of Calliphora 
in more northern climates, they would be an- 
ticipated to be of minor occurrence in the warm, 
arid summer environment at Phoenix, Arizona. 
With the onset of warm weather in May or 
June, adults seemingly disappear and do not re- 
occur in significant numbers until late fall. 
Results obtained on this survey were negative 
for larvae of this genus during the period June 
through November. The flies possibly aestivate 
in one of the pre-imaginal stages, or could con- 
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Siverly and Schoof: 


ceivably migrate into the area from higher alti- 
tudes with the onset of cooler weather. The 
predominant species in Phoenix was Eucalliphora 
lilaea. 


DISCUSSION 


The prevalent and problem species in the 
Phoenix area is Musca domestica’ (Savage and 
Schoof, 1955). A total of 277 trap collections, 
taken from the study area during the same 
time period as the larval survey, yielded ap- 
proximately 250,000 flies, of which 64 percent 
were house flies. During late spring and summer, 
there is a marked predominance of this species, 


TABLE II 


FREQUENCY OF OCCURRENCE OF DIFFERENT FLY LARVAE 
IN FOUR PRINCIPAL CATEGORIES OF BREEDING MEDIA 
(2,248 samples). Phoenix, Arizona, 1951-52. 


| PERCENT 
oF TOTAL 
SAMPLES 
POSITIVE 


GarBaGE | GARBAGE | 


ANIMAL 
EXCRE- 


MENT 


(in MISCEL- 


(scat- | 


tered) |container)| LANEOUS | 


| 
| 
Musca domestica |} 440 | 142 | 374} 93 | 651 
Phaenicia sericata 3 58: si 61 
Phaenicia pallescens san 66 | 480 

Sarco phaga spp 16 71 

Phormia regina 1 6 

Muscina spp | 42 | 

Calliphora spp.! | i | 31 

Stomoxys calcitrans. .| 7 0 

Callitroga macellaria. || 

Ophyra aenescens 

Others 


Total number of 
positive samples || 
collected 807 


‘Includes Eucalliphora. 


trap collections yielding 90 percent or more M. 
domestica. The predominance of the same species 
in the larval samples indicates that breeding 
sources within the city were providing a sub- 
stantial proportion of the resident fly population. 

The question of how house flies may be pro- 
duced in prodigious numbers under city condi- 
tions may be resolved in part by a consideration 
of the extreme adaptabilities of this species. 
References to its biotic potential are legion; 
there is little point in citing that information 
here. Other recognized adaptations include the 
ability of the species to disperse—and by sensory 
perception to locate sites favorable for sustenance 
and perpetuation; and resistance to insecticides. 
Two other important survival characteristics of 
M. domestica are emphasized by the foregoing 
data: the ability of this species to utilize numer- 


4Savage, E. P., and H. F. Schoof (Unpublished manu- 
script) Survey and evaluation methods for community 


fly control programs. Communicable Disease Center, 


Atlanta, Ga. 
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ous types of production media, and the adjust- 
ment that allows its sustained development 
under ecological conditions which appear in- 
hibitory for development of other less adaptable 
muscoid flies. These conclusions are consistent 
with those of Haines (1953), who conducted larval 
surveys in south Georgia. 

The second reason for substantial amounts of 
fly breeding in an urban area is that mere urbani- 
zation does not necessarily predicate the absence 
of suitable fly media. By aggregating in cities, 
man has mitigated the importance of animal 
excrement as a fly source but at the same time 
has increased a thousandfold the opportunity 
for flies to propagate in refuse wastes. This 
augmentation in available household wastes and 
the absence of rigid enforcement and compliance 
with existing sanitation codes provide the neces- 
sary means whereby house flies, in view of their 
high biotic potential, can prevail in almost any 


TABLE III 


RATE OF INFESTATION OF 10 Muscorp FLIEs IN 21 
SUBSTRATES. PHOENIX, ARIZONA, 1951-52. 


Maximum Number... 

Number Infested By: 
Musca domestica 
Sarco phaga spp. 
Muscina spp. 
Phaenicia pallescens. 
Phaenicia sericata 
Callitroga macellaria. 
Ophyra aenecsens... 
Calliphora spp... 
Stomoxys calcitrans. 
Phormia regina. 


city in the United States today. Until corrective 
sanitation measures are invoked, there is little 
reason to expect communities to be free of the 
annoyance and health hazards which house 
flies engender. 

Under the favorable climatic conditions of 
the Phoenix area, fly production extends for 10-12 
months, which means that fly abatement is 
essentially a year-round task. Since the develop- 
ment of M. domestica is curtailed during the 
winter period, emphasis upon remedial practices at 
that time should provide the greatest return with 
the minimum amount of effort. 


SUMMARY 


Results of a 12-month fly larval survey con- 
ducted at Phoenix, Arizona, in 1951-52 indicated 
the predominance of Musca domestica in natur- 
ally infested substrates. Of the 10 species 
studied, larvae of M. domestica were recovered 
from more than 50 percent of the samples and 
from 19 of the 21 different classifications of 
media. 

Muscina spp., in common with M. domestica, 
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were able to utilize all general categories of pro- 
duction media—excrement, garbage, and mis- 
cellaneous types. Sarcophaga, Stomoxys calcitrans, 
and Ophyra were more frequently recovered from 
excrement than from other substrates. Phaenicia 
sericata, Phaenicia pallescens, Calliphora, and 
Callitroga macellaria were not common in ex- 
crement samples but displayed a high incidence 
of occurrence in garbage. 

Each of the six prevalent species was char- 
acterized by its own distinctive profile as regarded 
seasonal occurrence. M. domestica exhibited the 
highest rate of infestation of any of the species 
irrespective of season. The adaptations of the 
house fly to sustained year-round development, 
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plus its versatility in utilization of different 
types of media, are contributing factors for its 
predominance in the Phoenix, Arizona, area. 
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PHYTOSEIIDAE (ACARINA) ASSOCIATED WITH CITRUS IN FLORIDA! 


MARTIN H. MUMA 
Associate Entomologist, Florida Citrus Experiment Station, Lake Alfred 


Investigations by Citrus Experiment Station 
workers at Lake Alfred concerned with the 
factors affecting biological control of citrus 
insects and mites in Florida have recently been 
intensified. Before an analysis of biological 
control can be made it is necessary that as many 
as possible of the factors be recognized and 
identified. Taxonomic studies have, therefore, 
received primary attention. Fisher (1947, 1950 
and 1951) has reported on several diseases of 
citrus insects and mites and is continuing the 
search. A survey of parasites and predators was 
initiated in October, 1951. This paper is the 
first of a planned series listing and describing the 
predators and parasites of citrus insects and mites 
in Florida. 

Predatory mites of the family Phytoseiidae oc- 
cur commonly on citrus leaves and fruit and in the 
litter beneath the trees. As yet, few mites of this 
family have been collected from the trunks, 
limbs or twigs of citrus. To date eleven species 
of phytoseiid mites have been found associated 
with citrus in the state. They are distributed 
in five genera with two, Amblyseiopsis Garman 
and Typhlodromus Scheuten, being represented by 
three and four species respectively. Amblyseius 
Berlese, Amblyseiella new genus, Garmania 
Nesbitt, and Blattisocius Keegan are each repre- 
sented by a single species. Descriptions and 
notes on all eleven species are given below. 

All types of new species are deposited in the 
mite collections at the United States National 
Museum in Washington, D. C. Acknowledge- 
ments are due Dr. Edward W. Baker of that 
museum for help and encouragement during 
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this study and for criticism of the manuscript. 

For description of general body form and color, 
the mites were observed alive under a dissecting 
microscope at 45X magnification. Detailed 
descriptions were made of mites mounted in a 
chloral hydrate medium and observed under 
magnifications varying from 150X to 645X. 
Length and width measurements included only 
the dorsal scutum, since size variations between 
fed and unfed mites and gravid and non-gravid 
female mites made other measurements imprac- 
tical. All measurements were made under 150X 
magnification and corrected to the nearest 
0.01 mm. 

All recorded collections were made by the 
author unless otherwise noted. When the exact 
number of specimens is not given in the record, 
numerous specimens were taken. 

Mites of the family Phytoseiidae are charac- 
terized by the possession of entire dorsal scuta, 
chelate chelicerae and a forked process on the 
mesal surface of the palpal tarsi. Females have 
the genital scutum truncate or concave 
posteriorly. 

The following key is designed only for those 
species of phytoseiids that are known to occur 
on citrus in Florida. Generic separations are 
valid only for the species included in this paper. 


KEY TO THE PHYTOSEIIDAE ASSOCIATED 
WITH CITRUS IN FLORIDA 

All dorsal setae smooth with at least two pairs 
long and whip-like 

Some dorsal setae faintly pectinate but with none 
long and whip-like 6 

Ventrianal scutum much narrower than the 
genital scutum Amblyseiella setosa 

Ventrianal scutum as or nearly as wide as the 
genital scutum 
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3. Dorsal scutum heavily sclerotized. 

Amblyseius quadripilis 

Dorsal scutum weakly sclerotized. ..Amblyseiopsis 4 
Ventrianal scutum without a pair of pores anterior 

MP RUN Corte shes Ss ou 3s 0s. Slee doe Ries A. floridanus 
Ventrianal scutum with a pair of pores anterior 

MRI, Sor iayh rare chich a haiecs <a ine als wea Sel GA ae asin 0 5 
Ventrianal scutum with lateral margins nearly 

parallel A. aerialis 
Ventrianal scutum with lateral margins strongly 

contorted . A. largoensis 

Dorsal scutum with at least 25 pairs of dorsal setae. 7 
Dorsal scutum with no more than 18 pairs of dorsal 

Typhlodromus 8 
Movable and fixed fingers of chelicerae of equal 

length and bearing several denticules. 


fixed finger and bearing only one distinct 
denticule 
With 8 lateral setae on dorsal scutum 
With 9 lateral setae on dorsal scutum 
Dorsal and lateral setae long and subequal in 
length T. floridanus 
Dorsal and lateral setae unequal in length, some 
very short 10 
Preanal setae of ventrianal scutum closely grouped 
in a curved line.... T. finlandicus 
Preanal setae of ventrianal scutum widely 
separated, not aligned T. peregrinus 


Blattisocius keegani 
..T. conspicuus 


Amblyseius Berlese 1904 
Amblyseius Berlese, 1904, Redia, 10: 143-145, pl. 4, figs. 

53, 54, 56. 

Amblyseius Garman, 1948, Connecticut Agr. Exp. Sta. 

Bull. 520, p. 16. 

Amblyseius Nesbitt, 1951, Zoologische Verhandelingen, 

No. 12, pp. 12 and 15. 

Amblyseius Evans, 1952, Bull. Ent. Res., 43(2): 397. 

Phytoseiidae with the body broadly oval to 
nearly round in outline. Dorsum strongly convex 
and heavily sclerotized. Legs moderately long 
and robust. Tectum smoothly rounded or 
bluntly pointed. Chelicerae chelate with both 
fixed and movable fingers provided with a variable 
number and arrangement of denticules. 

Dorsal scutum smooth and broadly ovate with 
all setae smooth or entire. Some lateral setae 
long and whip-like, others small to minute. 
Ventrianal scutum narrower to wider than genital 
scutum on the female; much wider on the male. 
Ventrianal and genital scuta adjacent or nearly 
so. Ventrianal scutum with two or three pairs 
of setae anterior to the paraanals. Femur, genu 
and tibia of fourth leg each provided with an 
elongate tactile seta. 

Type: Amblyseius obtusus (Berlese) 
Amblyseius quadripilis (Banks) 

Figures 1 to 3 
Seius quadripilis Banks, 1905, Proc. Ent. Soc. Washing- 


ton, 7: 138. 
quadripilis Cunliffe and Baker, 


‘A mblyseius’’ 
Pinellas Biol. Lab. Inc., pub. no. 1, p. 26. 


Length, range 0.39 to 0.48 mm., 

mean 0.42 mm. Width, range 0.34 to 0.39 mm., 

mean 0.36 mm. (Fifteen specimens measured) 
Mites broadly oval to nearly round in outline, 


1953, 


Females: 


Phytosetidae on Citrus in Florida 
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with the dorsum strongly convex, nearly hemi- 
spherical. Coloration predominately red with 
most specimens a dark mahogany to cinnamon- 
red on dorsum and proximal segments of legs. 

Tectum, convex, provided with a distinct short, 
triangular median process. Chelicerae with fixed 
finger provided with 9 to 10 denticules; movable 
finger not denticulate. Dorsal scutum with two 
pairs of lateral setae, IV and IX, long, slender 
and whip-like. All other setae, dorsals, medians 
and laterals, minute. First dorsal seta somewhat 
larger than others. Ventrolateral setae small. 
Ventrianal scutum faintly alutaceous on anterior 
half and provided with a pair of elliptical pores 
and three pairs of preanal setae near the anterior 
margin. All legs provided with one or more 
elongate tactile setae on anterodorsal surface. 

Males: Length, range 0.28 to 0.33 mm., mean 
0.30 mm. Width, range 0.24 to 0.25 mm., mean 
0.24 mm. (Eight specimens measured) 

Similar in form and coloration to 
Bodies smaller and more elongate. 

Tectum convex with a median triangular 
process. Chelicerae similar to those of female. 
Spermatophore bearer on movable finger of 
chelicerae extends well beyond tip of finger and is 
L-shaped in two planes with a recurved hook at 
the extreme distal end. Dorsal scutum as on 
female. Ventrianal scutum, distinctly alutaceous 
on anterior half, bears a pair of elliptical pores 
and three pairs of preanal setae near the middle 
of its length. Legs spined as on female. 

TypPE LocALity AND LocaTION: Male and fe- 
male types from orange leaves, Eustis, Florida, 
in United States National Museum, Washington, 
ek, 

FLorRmpDA ReEcorDs: Arcadia, four females, 
November 8, 1951. Merritt Island, three females 
and two males, October 18, 1951, one female, 
December 14, 1951. Lake Alfred, two females, 
December 27, 1951. Lake Jem, one female, 
January 23, 1952. Lady Lake, females and four 
males, November 22, 1951. Lake Weir, one male, 
April 22, 1952. Weirsdale, one male, May 27, 
1951 (D. Ozanne). Fruitland Park, two females, 
March 25, 1952. Tampa, one female, May 27, 
1952 (R. Johnson). Yalaha, one female, May 27, 
1952; one female, July 7, 1952; one female, 
October 13, 1952. Lutz, one female, January 31, 
1952 (K. Townsend). 

REMARKS: This distinctive mite is the only 
species of the genus on citrus in Florida. 


females. 


It is 
most frequently found in unsprayed grapefruit 
groves on the underside of the leaves along the 
midrib. It is, however, also found in orange 
groves. As yet it has not been taken while 
feeding and no natural food records are available. 
In the laboratory specimens have been kept alive 
for several days on the eggs and crawlers of 
Florida red scale, Chrysomphalus aonidum (L.), 
purple scale, Lepidosaphes beckit (Newman) and 
long scale, Lepidosaphes gloverii (Packard). 





264 


Amblyseiopsis Garman 1948 
Borinquolelaps Fox, 1946, Jour. Parasitology, 32(5): 450 
(in part, not genotype). 
Amblyseiopsis Garman, 1948, Conn. Agric. Exp. Sta. 
Bull. 520, p. 17. 
Amblyseiopsis Nesbitt, 
lingen, no. 12, p. 15. 
Amblyseius Evans, 1952, Bull. Ent. Res., 43(2): 397. 


1951, Zoologische Verhande- 


Phytoseiidae with the body distinctly ovate 
in outline. Dorsum moderately convex but 
weakly sclerotized. Legs moderately long and 
robust. Tectum smoothly rounded or bluntly 
pointed. Chelicerae chelate with both the fixed 
and movable fingers provided with a variable 
number and arrangement of denticules. 

Dorsal scutum smooth and ovate with all setae 
smooth or entire. Some lateral setae long and 
whip-like, others small to minute. Ventrianal 
scutum about as wide as genital scutum on the 
female; much wider on male. Ventrianal and 
genital scuta adjacent or nearly so. Ventrianal 
scutum with three pairs of setae anterior to the 
paraanals. Femur, genu and tibia of fourth leg 
each provided with an elongate tactile seta. 

Type: Amblyseiopsis americanus (Garman). 


Amblyseiopsis floridanus new species 
Figures 4 to 6 

Length, range 0.30 to 0.34 mm., 

mean 0.32 mm. Width, range 0.21 to 0.22 mm., 

mean 0.22 mm. (Five specimens measured) 

Mites obovate in outline, broadest behind the 
fourth pair of legs. Dorsum moderately convex. 
Coloration pale yellow to yellow-brown with a 
pair of submarginal dusky longitudinal stripes 
often present on the dorsum. 

Tectum convex and truncated with three short 
triangular processes, one median and two lateral. 
Chelicerae with fixed finger with three widely 
spaced denticules on apical half of finger; movable 
finger smooth, strongly curved and much shorter 
than fixed finger. Dorsal scutum with three 
pairs of lateral setae, IV, VII and IX, long, 
slender and whip-like. Lateral setae I and first 
dorsal setae also elongate but much smaller than 
laterals IV, VII and IX. Ventrolateral setae 
long, slender and whip-like. Ventrianal scutum 
provided with three pairs of preanal setae but no 
pores. All legs with one or more elongate tactile 
setae on anterodorsal surface. 

MALE ALLOTYPE: Length 0.25 
0.15 mm. 

Male similar in form and coloration to females. 
Body smaller and more elongate. 

Tectum truncate with one median and two 
lateral short triangular processes. Chelicerae 
similar to those of female. Spermatophore 
bearer on movable finger of chelicerae extending 
well beyond tip of finger, slender, sinuate, broadly 
furcate at the distal end. Dorsal scutum as on 
female. Ventrianal scutum faintly alutaceous 
on anterior half and bearing three pairs of preanal 
setae near the middle of its length. Legs spined 
as on female. 


Females: 


Width 


mm. 
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Type Loca.ity: Female holotype from litter 
under citrus, Lake Weir, Florida, December 17, 
1952. Male allotype and 5 female paratypes 
from litter under citrus, Weirsdale, Florida, 
January 15, 1953. 

REMARKs: This species has not as yet been 
collected from citrus but occurs in litter under the 
trees. 


Amblyseiopsis aerialis new species 

Figures 7 to 9 
Length, range 0.39 to 0.42 mm., 
mean 0.40 mm. Width, range 0.28 to 0.33 mm., 
mean 0.30 mm. (Five specimens measured) 

Mites obovate in outline, broadest behind the 
fourth pair of legs. Dorsum slightly to moder- 
ately convex. Coloration pale yellow to yellow- 
brown with a pair of submarginal, dusky longi- 
tudinal stripes often present on the dorsum. 
This species and A. floridanus new species are 
indistinguishable macroscopically except that this 
species is larger. 

Tectum slightly convex and smoothly rounded. 
Fixed finger of chelicerae with 11 to 12 denticules; 
movable finger smaller than fixed finger and 
smooth. Dorsal scutum with three pairs of 
lateral setae, IV, VII and IX, long, slender and 
whip-like. Lateral setae I and first dorsal setae 
also elongate but not comparable with lateral 
setae IV, VII and IX. Ventrolateral setae long 
and slender. Ventrianal scutum pentagonal with 
three pairs of preanal setae and a pair of elliptical 
pores that lie slightly nearer the anterior margin 
of the scutum. All legs provided with one or 
more elongate tactile setae on the anterodorsal 
surface. 

Males: Length 0.31 to 0.31 mm. Width 0.21 
to 0.24 mm. (Two specimens measured). 

Males similar in form and coloration to females. 
Bodies smaller with legs proportionately longer. 

Tectum convex and evenly rounded. Chelicerae 
similar to those of female. Spermatophore 
bearer on movable finger of chelicerae extends 
well beyond tip of finger and is L-shaped in two 
planes but has no recurved hook on extreme 
distal end. Dorsal scutum same as on female. 
Ventrianal scutum distinctly alutaceous on 
anterior half, bearing three pairs of preanal setae 
and one pair of elliptical pores. The pores are 
equidistant between the posterior pair of setae. 
Legs spined as on female. 


Females: 


EXPLANATION OF PLATE I 
Amblyseius quadripilis (Banks). FiG.1. Dorsal scutum. 
Fic. 2. Ventrianal scutum. Fic. 3. Mesal end of 
peritreme. of female. Amblyseiopsis floridanus new 
species. Fic. 4. Dorsal scutum. Fic. 5. Ventri- 
anal scutum. Fic. 6. Mesal end of peritreme. of 
female. Amblyseiopsis aerialis new species. FIG. 7. 
Dorsal scutum. Fic. 8. Ventrianal scutum. FIG. 
9. Mesal end of peritreme of female. Amblyseiopsis 
largoensis new _ species. Fic. 10. Dorsal scutum. 
Fic. 11. Ventrianal scutum. Fic. 12. Mesal end of 
peritreme of female. 
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Type Locauity: Female holotype, male allo- 
type and immature, feeding on six-spotted mites, 
Eotetranychus sexmaculatus (Riley), Lucerne Park, 
Florida, May 22, 1952 (M. H. Muma and W. L. 
Thompson). 

FLORIDA RECORDs (all 
Alfred, one female, May 27, 1952 (D. Ozanne), 
one female, September 22, 1952, one female, 
October 22, 1952. Yalaha, one male, July 9, 
1952. Weirsdale, one female, December 17, 1952 
(J. A. Coddington), one female, December 17, 
1952. Scottsmoore, one immature, January 3, 
1952 (R. M. Pratt). 


paratypes): Lake 


Amblyseiopsis largoensis new species 
Figures 10 to 12 

Length, range 0.33 to 0.37 mm., 

mean 0.35 mm. Width, range 0.21 to 0.24 mm., 

mean 0.22 mm. (Three specimens measured) 

Mites obovate, broadest behind the fourth pair 
of legs. Dorsum slightly convex. Coloration 
similar to that of A. aerialis new species and 
A. floridanus new species. 

Tectum convex: sinuate along its distal 
margin. Fixed finger of chelicerae with 8 to 9 
denticules; movable finger smooth and shorter 
than fixed finger. Dorsal scutum with three 
pairs of lateral setae, IV, VII and IX, long, 
slender and whip-like. Lateral setae I and first 
dorsal setae also elongate but much shorter than 
laterals IV, VII and IX. Ventrolateral setae 
long, slender and whip-like. Ventrianal scutum 
strongly constricted in the anterior half. Three 
pairs of preanal setae and one pair of crescentic 
pores on the ventrianal scutum, the pores being 
adjacent to the lateral margins, a condition not 
found on other species of the genus. All legs 
with one or more elongate tactile setae on antero- 
dorsal surface. 

MALE ALLOTYPE: 
0.18 mm. 

Male similar in form and coloration to female. 
Body smaller with legs proportionately longer. 

Tectum convex and sinuate along distal 
margin. Chelicerae similar to those of female. 
Spermatophore bearer on movable finger of 
chelicerae extends well beyond tip of finger and is 
slender, sinuate and abruptly hooked at distal 
end. Dorsal scutum same as on female. Ventri- 
anal scutum distinctly alutaceous on anterior 
half, bearing 3 pairs of preanal setae and one pair 
of crescentic pores. The pores are nearer the 
posterior pair of setae than each other. Legs 
spined as on female. 

Type LocaLity: Female holotype, male allo- 
type and two female paratypes, found on Key 
lime leaves, Key Largo, Florida December, 1952 
(M. H. Muma). 

REMARKS: To date this unique species has 
been taken only on Key limes. The leaves on 
which the specimens occurred were very lightly 
infested with purple scale. No known plant 


Females: 


Length 0.28 mm. Width 
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feeding mites were observed on the leaves but a 
species of Tydeus was present. 


Amblyseiella new genus 

Phytosetidae with the body elongate oval in 
outline. Dorsum moderately convex but lightly 
sclerotized. Legs moderately long and robust. 
Tectum smoothly rounded. Chelicerae chelate 
with only the fixed finger sparsely denticulate. 

Dorsal scutum smooth and ovate with all 
setae smooth or entire. Most lateral setae much 
longer than medians and other laterals. Anal 
scutum much narrower than genital scutum in 
the female. Ventral and anal scuta distinct. 
Anal scutum remote from genital scutum. Anal 
scutum with one pair of setae anterior to the 
paraanals. Femur, genu and tibia of fourth leg 
ach provided with an elongate tactile seta. 

This genus is related to Amblyseius Berlese 
and A mblyseiopsis Garman in the similar cheliceral 
dentition and whip-like lateral setae of the dorsal 
scutum. The strikingly different combination 
of ventral and anal scuta make it distinct. The 
greatly increased number of elongate lateral setae 
is also distinctive. 

Type: Amblyseiella setosa new species. 


Amblyseiella setosa new species 

Figures 13 to 15 
Length, range 0.37 to 0.39 mm., 
mean 0.38 mm. Width, range 0.22 to 0.33 mm., 
mean 0.25mm. (Five specimens measured) 

Mites ovate in outline, slightly broader behind 
the fourth pair of legs. Dorsum slightly convex. 
Coloration off-white to pale yellow. 

Tectum strongly convex and evenly rounded. 
Chelicerae with fixed finger bearing two minute 
denticules near the tip and with the movable 
finger strongly curved. Dorsal scutum with 8 
lateral setae, I, III, IV, VI, VII, VIII elongate 
and whip-like, II about one-third the length of 
III and V minute. All dorsal and median setae 
minute except Me which is elongate. Ventro- 
lateral setae elongate. Ventral and anal scuta 
not combined. Anal scutum small, widely sepa- 
rated from genital scutum and bearing only one 
pair of preanal setae. Ventral scutum bears two 
widely separated pairs of setae. 


Females: 


EXPLANATION OF PLATE II 

Amblyseiella setosa new species. Fic. 18. Dorsal scu- 
tum. Fic. 14. Anal scutum. Fic. 15. Mesal end of 
peritreme of female. Typhlodromus conspicuus (Gar- 
man) Fig. 16. Dorsal scutum. Fig. 17. Ventrianal 
scutum. Fic. 18. Mesal end of peritreme of 
female. Typhlodromus finlandicus (Oudemans). FIG. 
19. Dorsal scutum. Fic. 20. Ventrianal scutum. 
Fic. 21. Mesal end of peritreme of female. Typhlo- 
dromus floridanus new species. Fic. 22. Dorsal 
scutum. Fic. 23. Ventrianal scutum. Fic. 24. Me- 
sal end of peritreme of female. Typhlodromus pere- 
grinus new species. Fic. 25. Dorsal scutum. Fic. 
26. Mesal end of peritreme of female. Fic. 27. 
Ventrianal scutum. 
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Males: Length 0.30 to 0.30 mm. Width 0.18 
to0.22mm. (Two specimens measured; allotype 
smaller measurement) 

Males similar in form and coloration to females. 
Body small with legs proportionately longer. 

Tectum convex and evenly rounded. Chelicerae 
similar to those of female. Spermatophore 
bearer on movable finger of chelicerae extends 
well beyond the tip of the finger. It is slender 
basally but gradually thickens to a club apically 
with the extreme tip strongly hooked dorsally. 
Dorsal scutum same as on female except lateral 
setae VI and VII are no longer than II. Ventral 
and anal scuta fused into a typical ventrianal 
scutum that is alutaceous on the anterior half and 
bears three pairs of preanal setae. 

Type Locatity: Female holotype, male allo- 
type and four female and one male paratypes 
from scaly orange leaves, Tampa, Florida, 
May 27, 1952 (M. H. Muma and R. Johnson). 
Female paratype from grapefruit leaf, Clear- 
water, Florida, May 27, 1952 (M. H. Muma). 

REMARKs: This interesting species has been 
taken from two localities in the same region. 
Nothing is known of its food habits. 


Typhlodromus Scheuten 1857 


Typhlodromus Scheuten, 1857, Archiv ftir Naturges., 
1857: 104-112. 
Iphidulus Garman, 1948, Connecticut Agr. 


Bull. 520, p. 12. 
Seilus Garman, 1948, Connecticut Agr. Exp. Sta. Bull. 


520, p. 14. 
Fsilteirouiih Nesbitt, 1951, Zoologische Verhandelingen, 

No. 12, p. 16. 

Phytoseiidae with the body ovate to linear- 
ovate in outline. Dorsum flattened and with 
or without distinct pits and creases. Legs 
moderately long and robust. Tectum smoothly 
rounded, sinuate or bluntly pointed but never 
spine-like. Chelicerae chelate with both the 
fixed and movable fingers provided with a 
variable number and arrangement of denticules. 

Dorsal scutum smooth or faintly reticulate and 
provided with about 17 pairs of setae. Some 
setae, particularly, the posterior laterals, are 
sometimes faintly plumose or pectinate. Most 
setae smooth or entire and of approximately the 
same length. Ventrianal scutum variable in size 
and shape but provided with 3 or 4 pairs of setae 
in addition to paraanals. Fourth leg provided 
with whip-like or truncate tactile setae of varying 
number. 


Type: 


Typhlodromus conspicuus, (Garman) 
Figures 16 to 18 
Iphidulus conspicuus Garman, 1948, Conn. Agric. Exp. 
Sta. Bull. 520, p. 14, fig. 6. 
Typhlodromus cons picuus Nesbitt, 1951, Zoologische Ver- 
handelingen, No. 12, p. 22, Pl. 10, fig. 9 and Pl. 11, 
fig. 22. 


Exp. Sta. 


Typhlodromous pyri Scheuten. 


Females: 
mean 0.39 mm. 
mean 0.31 mm. 


Length, range 0.36 to 0.42 mm., 
Width, range 0.30 to 0.33 mm., 
(Seven specimens measured) 
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Mites broadly oval to almost quadrate in 
outline. Dorsum moderately convex. Colora- 
tion light to dark brown and usually exhibiting 
lighter and darker reflections within the trans- 
lucent body. 

Tectum slightly convex and weakly denticulate. 
Chelicerae with fixed finger provided with a 
sharp, triangular, bifid mala and one minute 
tooth just distad of the mala; movable finger 
with a small tooth proximad of the curved 
terminal incisor. Dorsal scutum with only eight 
lateral setae of which VII and VIII are caudal 
and widely separated from the others. All setae 
on dorsal scutum subequal in length with the 
most caudad slightly longer. Ventrolateral setae 
equal in length to dorsal setae. Ventrianal 
scutum pentagonal, broadest anteriorly and 
provided with four pairs of preanal setae and a 
pair of transverse elliptical pores. Legs not 
provided with elongate tactile setae. 

Males: To date no males of this species have 
been taken. 

TYPE LOCALITY: 
Hamden, Connecticut, January 24, 
Garman). 

FLoriIpA ReEcorDs: Lake Alfred, one female, 
February 27, 1952; six females, August 11, 1952 
(D. Ozanne); one female, August 24, 1952 
(D. Ozanne); one female, January 26, 1953. 
Scottsmoor, one female, January 29, 1953 (H. 
Holtsberg). 

REMARKs: This species has been collected 
from scaly orange leaves. It has also been 
observed feeding on six-spotted mites. The 
species is well distributed through the citrus areas 
of the state. 


Female type from apple bark 
1937 (P. 


Typhlodromus finlandicus (Oudemans) 
Figures 25 to 27 

Seilus finlandicus Oudemafis, 1915, Entom. Bericht., 4, 
(83): 183. 

Typhlodromus pruni Oudemans, 1929, Entom. Bericht., 
8, (170): 32. 

Typhlodromus finlandicus 
Bericht., 8, (171): 50. 

Typhlodromus finlandicus Nesbitt, 1951, Zoologische 
Verhandelingen, No. 12, p. 25, Pl. 3, Pl. 9, fig. 5, Pl. 
10, fig. 12, Pl. 11, fig. 19. 

Typhlodromus finlandicus Cunliffe and Baker, 
Pinellas Biol. Lab. Inc. Pub. No. 1, p. 19 
graphed). 


Oudemans, 1929, Entom. 


1953, 
(litho- 


Females: Length, range 0.40 to 0.54 mm., 
mean 0.49 mm. Width, range 0.25 to 0.39 mm., 
mean 0.32 mm. (Seven specimens measured) 

Mites subovate in outline, narrowed anteriorly 
and broadest just in front of the fourth pair of 
legs. Dorsum flat to slightly convex and some- 
what creased longitudinally. Coloration off- 
white to pale yellow. 

Tectum moderately convex and _ rounded. 
Chelicerae with both movable and fixed fingers 
lacking denticules except that thei are one or 
two small denticules just behind the terminal 
incisor of the fixed fingers. Dorsal scutum very 
lightly alutaceous on most specimens. Dorsal 
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Garmania bulbicola (Oudemans). Fic. 28. 
peritreme ot female. Blattisocius beeganit Fox. 
Fic. 33. Mesal end of peritreme of female. 


scutum with nine lateral setae. Only Lys is 
distinctly plumose. M42 is shorter than L; and Ls 
and forms an equilateral triangle with them. 
Ventrianal scutum elongate, slightly constricted 
near anterior margin and provided with three 
pairs of nearly aligned preanal setae and a pair 
of transverse elliptical pores. Fourth leg pro- 
vided with three elongate tactile setae. 

Males: Length, range 0.33 to 0.42 mm., 
mean 0.39 mm. Width, range 0.16 to 0.30 mm., 
mean 0.25 mm. (Ten specimens measured) 

Males similar in form and coloration to females 
except they are oval in outline. Bodies much 
shorter with legs proportionately longer than on 
female. 

Tectum moderately convex with the anterior 
margin slightly produced. Chelicerae similar to 
those of female except there is no distinct sub- 
terminal denticule on the fixed finger. Sperma- 
tophore bearer on movable finger extends well 
beyond the end of the finger and has the tip 
twisted in a single coil loop. Dorsal scutum 
same as on female except many specimens have 
the scutum entire. Ventrianal scutum broadly 
triangular, lightly alutaceous and provided with 


FIG. 
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Dorsal scutum. 


PLATE III 


33 


Fic. 30. Mesal end of 
Ventrianal scutum. 


Anal scutum. 
Fic. 32. 


Fic. 29. 
31. Dorsal scutum. 
three pairs of nearly aligned preanal setae and a 
pair of transverse elliptical pores. 

TyPE LocaLity: Type specimens from Salix 
caprea, Abo, Finland. 

FLORIDA REcoRDs: East Lake Weir, males 
and females, March 24, 1952 (W. Davis). Fruit- 
land Park, males and females, March 25, 1952: 
one male and one female, March 12, 1953 (J. A. 
Coddington). Weirsdale, males and females, 
January 15, 1953. Lake Weir, one male and one 
female, March 12, 1953 (J. A. Coddington). 

REMARKS: To date this species has been 
collected only from leaves infested with purple 
and Florida red scale. No feeding has been 
observed. Under field conditions the species is 
easily confused with Typhlodromus peregrinus new 
species. 

Typhlodromus floridanus new species 
Figures 19 to 21 
Length, range 0.34 to 0.40 mm., 
Width, range 0.18 to 0.28 mm., 
(Fifteen specimens measured ) 
Dorsum flat 
off-white to 


Females: 
mean 0.37 mm. 
mean 0.21 mm. 

Mites elongate oval in outline. 


to slightly convex. Coloration 
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light tan; usually unicolorous but sometimes with 
darker reflections within body. 

Tectum convex with the apex bluntly 
triangular. Chelicerae with fixed finger bearing 
two minute teeth near the tip; movable finger 
with a small tooth just proximad of the curved 
terminal incisor. Dorsal scutum lightly aluta- 
ceous with 9 lateral setae. All setae on dorsal 
scutum long and slender extending beyond the 
bases of the succeeding setae. Ventrolateral 
setae equal in length to dorsal setae. Ventrianal 
scutum pentagonal slightly constricted anteriorly 
and provided with four pairs of preanal setae 
and a pair of transverse elliptical pores. Legs 
not provided with elongate tactile setae. 

Males: Length, range 0.27 to 0.30 mm., mean 
0.28 mm. Width, range 0.16 to 0.19 mm., mean 
0.17 mm. (Ten specimens measured) 

Males similar in form and coloration to females. 
Body smaller and more slender with legs propor- 
tionately longer. 

Tectum convex with the apex bluntly 
triangular. Chelicerae similar to those of female. 
Spermatophore bearer on movable finger of 
chelicerae extends well beyond the tip of the 
finger. It is slender basally and thicker apically 
with the tip strongly L-shaped and _ sharply 
hooked at the apex. Dorsal scutum same as on 
female. Ventrianal scutum broadly triangular, 
produced anteriorly, lightly alutaceous along the 
anterior margin and bearing four preanal setae 
and a pair of elliptical, transverse pores. 

Type Locatity: Female holotype, male allo- 
type and three female and two male paratypes 
feeding on six-spotted mites, Eotetranychus sex- 
maculatus Riley, on citrus seedlings, Lake Alfred, 
Florida, March 6, 1952. 

FLoripa Recorps: Lake Alfred, males and 
females, March 5, 1952; males and females, 
March 6, 1952; males and females, March 24, 
1952; males and females, April 1, 1952; one 
female, May 1, 1952. Lucerne Park, males and 
females, May 26, 1952. Lakeland Highlands, 
five females, February 6, 1953. Tavares, one 
female, March 7, 1953. 

REMARKS: This species is closely related to 
Typhlodromus longipilus Nesbitt and T. occi- 
dentalis Nesbitt. It can be distinguished from 
longipilus by the alutaceous dorsal scutum and 
the presence of a pair of pores on the ventrianal 
scutum. It differs from occidentalis by having 
four pairs of preanal setae on the ventrianal 
scutum and dorsal setae that extend beyond the 
bases of the succeeding setae. 

On all except two occasions this species has 
been collected from colonies of six-spotted mites. 
The two exceptions are represented by specimens 
taken while they were feeding on the eggs of the 
citrus red mite, Metatetranychus citri (McG.). 

In the laboratory this species has been experi- 
mentally fed with six-spotted mites, citrus red 
mites and Texas citrus mites, Eutetranychus 
banksi (McG.). 
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Typhlodromus peregrinus new species 
Figures 22 to 24 

Length, range 0.48 to 0.54 mm., 

mean 0.51 mm. Width, range 0.28 to 0.36 mm., 

mean 0.31 mm. (Ten specimens measured) 

Mites subovate in outline, narrowed somewhat 
anteriorly and broadest behind the fourth pair of 
legs. Dorsum flat to slightly convex and some- 
what creased longitudinally. Coloration off- 
white to pale yellow with variable markings. 
Some specimens lack markings; others have 
black, red or brown markings in the form of an H, 
a figure 8 or a pair of divergent longitudinal 
stripes. 

Tectum moderately convex and flattened 
apically. Chelicerae with fixed finger with 6 to 
7 small denticules on the basal two-thirds of the 
finger and one small denticule just behind the 
lightly curved terminal incisor; movable finger 
with 3 denticules near the middle of the length 
of the finger. Dorsal scutum alutaceous on some 
specimens on others smooth. Dorsal scutum 
with nine lateral setae of which I, IV, VI and IX 
are distinctly longer. Only Me and LI, are 
distinctly plumose. Ventrolateral setae nearly 
as long as Ly. Ventrianal scutum pentagonal, 
slightly constricted near anterior margin and 
provided with three pairs of preanal setae and a 
pair of transverse elliptical pores. Fourth leg 
provided with three elongate tactile setae. 

Males: Length, range 0.39 to 0.42 mm., mean 
0.40 mm. Width, range 0.24 to 0.27 mm., mean 
0.25mm. (Ten specimens measured) 

Males similar in form and coloration to females 
except that they are nearly oval in outline. 
Bodies much shorter with legs proportionately 
longer than on female. 

Tectum moderately convex with the anterior 
margin slightly produced. Chelicerae similar to 
those of female except there is only one distinct 
denticule on the movable finger. Spermatophore 
bearer on movable finger of chelicerae extends 
well beyond the end of the finger. It is slender 
throughout its entire length and L-shaped 
apically with the extreme tip bent at right angles 
to the base of the L. Dorsal scutum same as on 
female. Ventrianal scutum broadly triangular, 
lightly alutaceous on the anterior half and 
provided with preanal setae and a pair of trans- 
verse elliptical pores. 

Type LocaLity: Female holotype, male allo- 
type, two female paratypes and several juveniles 
from scaly orange leaves, Minneola, Florida, 
January 24, 1952. 

FLorRIDA RECORDS: Oviedo, several females, 
October 24, 1951. Bradenton, one female, Novem- 
ber 5, 1951. Merritt Island, one female and 
several young, December 14, 1951. Lake Alfred, 
males and females, December 3, 1951; males and 
females, March 21, 1952. Haines City, males 
and females, January 7, 1952. Vero Beach, males 
and females, January 3, 1952; females, January 14, 
1952. Scottsmoor, one female, January 21, 1952 


Females: 
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Minneola, one male and three 
Lake Jem, one male 


(H. Holtsberg). 
females, January 23, 1952. 
and one female, January 23, 1952. Palm Harbor, 
one female, February 13, 1952. Deland, one 
female, March 6, 1952 (F. Fisher). Winter 
Haven, one female, March 21, 1952. East Lake 
Weir, three males and one female, March 24, 
1952 (J. W. Davis). Lake Weir, two males and 
one female, March 26, 1952. Weirsdale, females, 
May 27, 1952; females and young, January 15, 
1953. Ft. Pierce, one male, January 19, 1953 
(H. Holtsberg). Highlands Hammock State 
Park, male and female, February 15, 1953. 
Bamboo, males and females, January 9, 1953. 
Tampa, males and females, May 27, 1952 (Muma 
and Johnson). 

REMARKS: This species is by far the most 
common phytoseiid on citrus in the state. It has 
been collected from purple mite infestations, six- 
spotted mite colonies and under purple and 
Florida red scale. In the laboratory specimens 
have been kept alive on purple and Florida 
red scale crawlers. There is question, however, 
that it is an obligate predator as specimens have 
been collected on leaves covered with sooty 
mold but free of other mites and insects. 


Garmania Nesbitt 1951 
Garmania Nesbitt, 1951, Zoologische Verhandelingen, 

No. 12, p. 438. 

Phytoseiidae with the body ovate to linear- 
ovate in outline. Dorsum slightly convex to 
flattened. Legs moderately long and robust. 
Tectum variable in form from smoothly rounded 
through hexagonal to triangular. Chelicerae 
chelate with both the fixed and movable fingers 
provided with a variable number and arrangement 
of denticules. 

Dorsal scutum lightly sclerotized and smooth 
or faintly reticulate and provided with at least 
24 pairs of simple setae. Ventrianal scutum of 
female small, remote from genital scutum and 
provided only with paraanal setae and postanal 
setae. Leg setae all about same size as those on 
the dorsal scutum. Sensory setae if present are 
not elongate or modified. 

Type: Garmania domesticus (Oudemans) 


Garmania bulbicola (Oudemans) 
Figures 28 to 30 
Typhlodromus bulbicolus Oudemans, 

Bericht., 8, (169) 15-16. 

Garmania bulbicola Nesbitt, 1951, Zoologische Verhande- 

lingen, No. 12, p. 46, Pl. 20. 

Females: Length, range 0.49 to 0.57 mm., 
mean 0.52 mm. Width, range 0.31 to 0.39 mm., 
mean 0.34 mm. (Eight specimens measured) 

Mites broadly oval in outline. Dorsum flat 
to slightly convex. Coloration off-white to pale 
yellow. 

Tectum slightly convex, 
apically with a serrate margin. 


1929, Entom. 


evenly rounded 
Hypostome with 
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a conspicuous pair of apical setae. Chelicerae 
with fixed finger provided with nine or ten 
denticules; movable finger with a large denticule 
at one-third of the distance from the tip to the 
base and a small denticule just proximad of the 
terminal incisor. On the ventromesal surface of 
the movable finger there is a fleshy lobe that is 
serrate mesally. Dorsal scutum very lightly 
alutaceous on some specimens and smooth on 
others. Dorsal scutum provided with 36 to 38 
pairs of setae many of which extend beyond the 
bases of the succeeding setae. Ventrianal scutum 
broadly ovate and bearing only postanal and 
paraanal setae. Legs not provided with long 
slender tactile setae. 

Males: Length, range 0.40 to 0.42 mm., mean 
0.41 mm. Width, range 0.24 to 0.25 mm., mean 
0.24. mm. (Two specimens measured) 

Males similar in form and coloration to females 
except that they are more slender with the legs 
proportionately longer. 

Tectum moderately convex and with the 
anterior margin flattened and serrate. Chelicerae 
similar to those of the female. Spermatophore 
bearer on movable finger of chelicerae extending 
slightly beyond the end of the finger, capitate 
with the apical end produced in two spines. 
Dorsal scutum as on female except there are only 
37 or 38 pairs of setae. Ventrianal scutum 
broadly triangular, lightly alutaceous, and pro- 
vided with seven pairs of preanal setae. 

TYPE LOCALITY AND LOCATION: Type female 
collected from rotten lily bulbs from the United 
States, in the Oudemans collection of the Leiden 
Museum. 

FLORIDA RECORDS: Lake Alfred, ten females 
and two males, June 23-26, 1952. 

REMARKS: The specimens described above 
were part of the progeny of specimens collected 
on scaly orange leaves on June 6, 1952 and reared 
on fungus cultures in the laboratory. 


Genus Blattisocius Keegan 1944 
Blattiscocius Keegan, 1944, Jour. Parasitol., 30, (3): 181. 


Phytoseiidae with the body elongate oval in 
outline. Dorsum slightly convex to flattened. 
Legs moderately long and robust. Tectum 
variable; in the known species it is concave with 
one or two blunt processes near the center of the 
anterior margin. Chelicerae with fixed finger 
much shorter than movable finger and untoothed; 
movable finger with one to three denticules. 

Dorsal scutum lightly alutaceous with thirty 
or more pairs of entire or smooth setae. All 
setae except those on posterior margin subequal. 
Ventrianal scutum variable in form. Ventrianal 
and genital scuta adjacent or nearly so. Genital 
scutum long narrow and truncate posteriorly. 
Ventrianal scutum with three pairs of setae 
anterior to the paraanals. Leg setae subequal in 
length. 


Type: Blattisocius tineivorus (Oudemans) 
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Blattisocius keegani Fox 
Figures 31 to 33 
Blattisocius keegani Fox, 1947, Ann. Ent. Soc. Amer., 

40: 599, figs. 6 and 7. 

Blattisocius keegani Cunliffe and Baker, 1953, Pinellas 

Biol. Lab. Pub. 1, p. 7. 

Females: Length, 0.64 to 0.67 mm. Width, 
0.36 to 0.37 mm. (Two specimens measured) 

Mites elongate oval in outline. Dorsum 
slightly convex to flat. Coloration off-white with 
darker reflections near the posterior part of the 
body. 

Tectum concave with two blunt processes near 
the center of the anterior margin. Chelicerae 
with fixed finger only one-half as long as movable 
finger; movable finger with one distinct acute 
denticule toward the apical end. Dorsal scutum 
faintly alutaceous and provided with about 
thirty-two pairs of subequal setae none of which 
are plumose. Ventrianal scutum parallel sided, 
elongate and provided with three pairs of preanal 
setae. Legs not provided with elongate or 
modified tactile setae. 
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Males: 
seen. 


TYPE LOCALITY AND LOCATION: Female holo- 
type from Rattus norvegicus collected at San Juan, 
Puerto Rico, April 15, 1947, in the entomological 
collection of the Department of Medical Zoology, 
School of Tropical Medicine, San Juan, Puerto 
Rico. 


No males of this species have been 


FLORIDA REcorDs: Dundee, one female, August 
2, 1952. Winter Haven, one female, July 4, 1953. 


REMARKS: This species is apparently rare on 
citrus. Nothing is known concerning its food 
habits. 
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THE RESPONSE TO SOUND IN CERTAIN LEPIDOPTERA 
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INTRODUCTION 


The work of Eggers (1925, 1926, and 1928), of 
von Kennel and Eggers (1933), and of Schaller 
and Timm (1950) leaves little doubt that many 
nocturnal Lepidoptera are sensitive to airborne 
vibrations of high or of ultrasonic frequency, 
and that the reactions are mediated by the tym- 
panic organs. The responses reported by these 
authors were often complex and unpredictable, 
as though dependent upon conditions not easily 
recognized or controlled. Some specimens showed 
prompt excitatory reactions such as running or 
taking filght at the onset of the experimental 
sound, while others gave inhibitory responses 
such as the interruption or cessation of move- 
ment, sometimes with complete tonic immo- 
bility ( ‘“‘Totstellung’”’ ). During flight, the moths 
often reacted with sudden swerving or diving 
movements. Eggers (1926) suggested that the 
excitatory responses might be characteristic of 
brightly colored or striking marked species, 
while the inhibitory reactions might be more 
typical of procryptically colored forms. Schaller 
and Timm were unable to detect species differ- 
ences of this kind, and attributed the variations 
in behavior entirely to changes in the physiological 
condition (“Zustand”) of their experimental 
insects. 

Soon after the discovery of the tympanic 


organs, White (1877) suggested that an auditory 
sense might help nocturnal moths to avoid 
capture by bats. This conjecture was restated, 
though without experimental evidence, by Stobbe 
(1911) and by Eggers (1926). None of these 
writers, of course, could have been aware of the 
use by bats of ultrasonic pulses in the detection 
of obstacles (Griffin and Galambos, 1941) and 
in the pursuit of prey (Griffin, 195la and 1951b). 
Schaller and Timm (1950) tested their moths 
for reactions to the ultrasonic cries of bats, and 
were able to convince themselves that certain 
species, at least, react in the same way to bats 
as to ultrasonic vibrations produced experi- 
mentally. 

Direct and unaided vision is the only means 
previously described for the study of the auditory 
response in Lepidoptera. It is the purpose of 
this paper (1) to present a simple method for 
the kymographic recording of certain types of 
overt response, and (2) to bring forward some 
evidence obtained by this and by other methods 
regarding the character and significance of these 
reactions. 

For the loan of apparatus and for many helpful 
suggestions, the author is greatly indebted to 
Prof. R. W. Root and Prof. Robert Randall of 
The City College, to Prof. Donald R. Griffin 
of Harvard University, and to Mr. Norman 
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Pickering of Pickering, Inc., Oceanside, L. I. 
Thanks are also tendered to Prof. A. B. Klots 
of The City College, and to Dr. F. H. Rindge of 
The American Museum of Natural History for 
the determination of specimens and for help of 
many other kinds. 


MATERIALS AND METHODS 
Sound Source 


The chief source of sound was a Galton whistle 
of standard design, hand operated by means of a 
rubber compression bulb, and set to deliver its 
highest frequency. Oscillographic examination 
of the output of this instrument showed a broad 
band of audible and ultrasonic frequencies with 
the strongest component at about 24,000 cycles. 
When used in kymographic recording, the 
whistle was connected to the stimulus signal 
marker in such a way that the stylus registered 
only sudden, maximal compressions of the whistle 
bulb. With the whistle at a standard distance 
of about 18 inches from the test specimen, and 
with its orifice directed away from the insect, the 
resulting stimuli were considered sufficiently uni- 
form for the purposes of the experiment. Al- 
though sound pressures were not measured, 
oscillographic evidence indicates that the energy 
output of the Galton whistle used in this way 
is very high as compared with that of ordinary 
sounds of comparable frequency. This type of 
sound generator was chosen mainly because of 
its cheapness and simplicity. It has many draw- 
backs, but it proved an effective means of stimu- 
lation, yielding responses essentially similar in 
character to those reported by Schaller and Timm 
(1950) and to those observed in preliminary 
experiments by the present writer, using elec- 
tronic sound sources at frequencies between 130 
and 70,000 cycles. 


Technique 


The method of mounting the moths for kymo- 
graphic recording is similar to that used for 
other purposes by Stellwaag (1916). The insects 
were briefly anesthetized with carbon dioxide, 
while the sharpened end of a 10 to 12 cm. length 
of No. 4 music wire was thrust through the meso- 
notum in the dorso-ventral midplane from front 
to rear. The sharp end of the wire was then 
fixed in a flat-jawed clamp, while the free end, 
provided with a paper stylus, was left free to 
vibrate with the wing movements. A _ right 
angle bend in the wire (fig. 1) prevented the moth 
from slipping forward or from reaching the wire 
with its feet. Oscillation of the wire at its 
natural period appears to be effectively damped 
by the slight friction of the stylus against the 
smoked kymograph paper. Records made by 
this method show clearly the frequency of wing 
vibration and the onset or interruption of simu- 
lated flight. Changes, particularly unilateral, in 
the wing angle or in the amplitude of the wing 
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beat affect the form of the tracing and its position 
relative to a horizontal base line. The sound 
signals were recorded by diverting a part of the 
air blast from the compression bulb of the Galton 
whistle through a T-tube into a pneumograph 
tambour, its sensitivity reduced by a perforation 
in the diaphragm and by a constriction (fig. 1) 
in the connecting tube. Visual and other clues 
were eliminated as possible stimuli by frequent 
tests of the compression bulb with the whistle 
cut off by a tube clamp, allowing the signal 
marker to function as usual (see the signal 
marked ‘‘S”’ in fig. a, Plate I). The time signals 
were made by a Becker chronograph operating 
at 5-second intervals. 


KY MOGRAPH 


CHRONOGRAPH 


COMPRESSION 
BULB 


GALTON 


WHISTLE 


Fic. 1. Schematic diagram of apparatus for kymo- 
graphic recording of response to sound. 


In preliminary experiments and field studies 
various other techniques were employed. These 
included direct observation of both free and 
captive specimens stimulated by the Galton 
whistle under a variety of natural and artificial 
conditions. About 200 moths were tested with 
the Galton whistle while held by their folded 
wings with light eye forceps under a binocular 
microscope, both before and after destruction of 
the tympanic membranes. About 30 specimens 
were placed on silk leashes sewn into the meso- 
thorax, under carbon dioxide anesthesia, in the 
same position as that of the recording wire 
described above. The leashed moths would rest, 
fly, alight, feed, and respond to sounds in much 
the same way as do normal specimens. The 
survival time of leashed specimens was not sig- 
nificantly shorter than that of other moths in 
captivity, and in several instances exceeded 5 
days. 
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RESULTS 
Direct Observation 


As regards the general types of overt response 
to experimental sounds, the results of direct ob- 
servation were in agreement with those of Schaller 
and Timm and need not be detailed here. This 
section will deal with facts previously unreported, 
and with questions on which additional evidence 
appears to be needed. 


Correlation between color pattern and type of 
response, as suggested by Eggers (1926), was not 
observed. Among 14 phalaenids of nine species 
which, while confined in glass jars, responded to 
the Galton whistle by taking flight, none had 
bright or conspicuous markings. Among 10 
phalaenids of nine other species which either 
showed no response while at rest or which when 
disturbed exhibited tonic immobility, two (Euthi- 
sanotia unio Hibner and Rhodophora florida 
Guenée) were brightly colored, the rest dull in 
appearance. Four Catocala of different species, 
all with brilliantly colored hind wings, showed 
no greater sensitivity to sound than did the 
average of dull patterned phalaenids under 
similar conditions of confinement. Finally, the 
two species which appeared to be most sensitive, 
and gave the most consistent excitatory responses, 
were the obscurely marked and drably colored 
Graphiphora c-nigrum Linn. and Pseudaletia 
unipuncta Haworth. 

Except for the work on Catocala by Turner and 
Schwarz (1914), reports of reactions to sound by 
day-flying moths, or by those which readily take 
flight when disturbed during daylight, are vir- 
tually absent from the literature. Some field 
observations on such insects are therefore given 
here. One, which is typical of many others, 
was made between 4:30 and 5:30 P. M., August 
3rd, 1952, on a sunny, southeastern slope in west- 
ern Massachusetts at an elevation of about 1100 
to 1500 feet above sea level. A female of Pyrausta 
fodinalis Lederer was followed at a distance of 6 
to 10 feet while it visited low-growing blossoms 
of creeping thyme. The moth made frequent 
short flights from one plant to another, seldom 
traversing more than 8 or 10 feet at a flight, and 
resting occasionally on low stems of grass. 
While feeding or at rest this moth showed no 
response to the Galton whistle. In flight, how- 
ever, it swerved abruptly to the right at each 
sound, even when the whistle was 10 or 12 feet 
away. By sounding the whistle whenever the 
moth seemed about to alight, one could keep the 
insect in flight indefinitely. If the sound was 
withheld at such times, the moth would alight as 
usual. If the whistle was blown immediately 
after the moth had alighted, it would promptly 
take flight again, although a delay of only a 
second or two was enough to prevent this re- 
sponse. Ten or twelve successive flights could 
be induced in this way, after which the moth 
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would alight despite the whistle, and would 
not respond again until mechanically disturbed. 
Similar behavior was seen repeatedly in other 
grass-dwelling pyralids including Pyrausta acrion- 
alis Walker and Pahlyctaenia terrealis Treitschke, 
and in the phalaenid Caenurgina crassiuscula 
Haworth. In most of these moths the responses 
were not consistently unidirectional, and they 
were often obtained at distances of 15 to 20 feet. 
During these observations the various grass- 
hoppers, crickets, and butterflies in the vicinity 
showed no behavior that could be interpreted as 
response to the experimental sounds. 

Reactions to the Galton whistle were observed 
in a number of phalaenid moths attached to silk 
leashes as described above. The leashed speci- 
mens would usually fly vigorously in large circles 
until support was provided. Not all of the 
moths so tested would respond to sounds, but 
many showed distinct upward or lateral devia- 
tions of the flight path. These were closely 
correlated with the sounds of the whistle, but 
bore no obvious directional relation to it. Placed 
in a slight draft, the leashed moths would usually 
head into the air current and maintain this 
position. They would then swerve laterally in 
response to the sounds, sometimes toward, some- 
times away from the source. As with moths in 
other circumstances, repeated stimulation often 
led to gradual extinction of the response. 

In moths restrained under microscopic ob- 
servation, reactions to sound appeared to be of 
the same general character as those seen in free 
or captive specimens. Typical flight movements 
are of course impossible when the insect is held 
by the wings, but in reactive specimens energetic 
vibratory contractions of the flight muscles were 
easily induced even under these conditions. In 
the absence of the vibrational response, and some- 
times accompanying it, complex movements of 
of the legs and abdomen were often seen. Single 
or repeated twitches, or more or less sustained 
movements of the legs, antennae, or abdomen, or 
slight tensing of the metathoracic wing muscles 
were often the only detectable reactions. Move- 
ments of the tympanic organs themselves were 
never observed, though they were repeatedly 
watched for under high magnification. 

As studied under the dissecting microscope, 
the usual effect of destroying both tympanic 
membranes was the immediate loss of responsive- 
ness to sound. This indicates that the previously 
observed reactions were truly auditory, and were 
not examples of the vibratory sense residing 
in the subgenual organs, a conclusion further 
supported by the fact that the response to sound 
persisted even after amputation of the legs, as 
long as the tympanic organs were intact. De- 
struction of a single tympanic membrane seldom 
made any obvious change in the sound sensitivity 
of the moth or in the character of its responses. 
During the operation, ‘performed with a fine 
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needle, the moths as a rule were quiet, though 
unanesthetized. If the neighboring setae were 
not disturbed there was no overt reaction when 
the tympanic membrane was touched, stroked, 
depressed with a hair, or subjected to an air jet 
from a fine hypodermic needle. The perforation 
and reaming out of the membrane could often 
be accomplished without causing any movement, 
although the moth responded normally to other 
contact. The conjunctiva appeared to be equally 
insensitive. Preliminary retraction of the hood 
or the removal of setae sometimes caused tem- 
porary excitement, but this usually subsided 
promptly, leaving the moth unchanged in its 
responsiveness to sound as long as the tympanic 
organs themselves remained undamaged. Rarely, 
reactivity appeared to be either increased or 
diminished by unilateral tympanotomy, and in 
one instance (Cucullia asteroides Guenée,o) a 
previously inhibitory type of response was 
replaced by an excitatory one. 

Unexpected examples of unilateral tympanic 
damage were encountered in some moths, par- 
ticularly of the army worm group, which were 
often infested by parasitic mites inhabiting the 
tympanic and countertympanic cavities. Col- 
onies of these mites! were found in nearly 150 
specimens, and in all but two instances were 
limited to the tympanic area of one side, leaving 
the other side unaffected. On the side occupied 
by the mites, the tympanic membrane was almost 
always found to be missing from its frame. In 
such moths response to the sounds of the Galton 
whistle appeared to be normal until the pre- 
viously intact membrane was experimentally de- 
stroyed, whereupon, as expected, the reactions of 
the parasitized insect agreed with those in which 
both tympanic membranes had been destroyed 
surgically (Plate III, fig. 0). 

In a few specimens the chordotonal sensillae 
were detached or damaged experimentally via 
the conjunctiva, without injury to the tympanic 
membrane. In favorable species the retrotym- 
panic movements of the needle can be watched, 
while this procedure is carried out, either through 
the perforated conjunctiva or through the 
tympanic membrane itself. The effect was indis- 
tinguishable from that of destroying the tympanic 
membrane, i.e., loss of responsiveness to the 
experimental sounds. On the other hand, simple 
perforation of either the conjunctivae or the 
tympanic membranes without damage to the 
sensillae was without perceptible effect. Loss of 
sound sensitivity was produced in two specimens 
(Graphiphora c-nigrum and ? Polia sp.) by careful 
filling of the external tympanic cavities with a 
commercial shortening fat. In G. c-nigrum, 
ablation of the hoods and puncture of the counter- 


\Since this paper was submitted for publication, the 
mites have been described as a new species, Myrmonyssus 
p halaenodectes Treat (1954. J. Parasitol 40: 619-31) of the 
Suborder Mesostigmata. 
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tympanic membranes were without effect upon 
sound responses. 

Except for the loss of auditory sensitivity, 
the moths studied showed no obvious or enduring 
change as the result of destruction of the tympanic 
membranes. This is in agreement with the 
observations of Eggers (1926). No effects upon 
the ventral diaphragm or heart rates were noted. 
Moths released under observation showed no 
disturbance of feeding reactions, and no per- 
manent change of posture or gait. Most of the 
phalaenids released for observation after uni- or 
bilateral tympanotomy would fly promptly when 
disturbed, would circle the laboratory light, and 
would eventually alight quite normally. There 
was nothing in their behavior to suggest any 
impairment of proprioception or of any function 
other than sound reception. A few moths, 
particularly certain arctiids and amatids, seemed 
reluctant to fly after damage to the tympanic 
organs. The reluctance in most cases appeared 
to be temporary, however, and after the lapse 
of a few hours these moths were usually able to 
fly without apparent abnormality. In some 
specimens of Ctenucha virginica Charpentier, 
there was a suggestion of increased general activity 
after destruction of the tympanic membranes, 
as though the moths had been released from some 
inhibitory influence. The effect, however, was 
doubtful at best. 

Residual responses to sound after destruction 
of the tympanic membranes as described by 
Eggers (1925) were observed in several instances. 
In most cases these responses could be elicited 
only when the whistle was brought to within a 
few inches of the insect, where it was impractical 
to rule out the possible stimulating effects of 
atmospheric turbulence near the orifice of the 
whistle. 


Kymographic Recording 


Several features of the auditory response were 
recorded kymographically by the method de- 
scribed above (p. 273). More than 100 specimens, 
representing 33 species, were tested by this 
method. By no means all of these proved 
equally adaptable to the technique. Of those 
studied, the most satisfactory were the phalaenids 
Graphiphora c-nigrum, Pseudaletia unipuncta, and 
Crymodes devastator Grote. These gave good 
records and reproducible responses under a 
variety of conditions. Twenty specimens of G. 
c-nigrum, 18 of P. unipuncta, and 7 of C. devastator 
were tested. Species of Autographa, though 
highly sensitive when buzzing against a lighted 
screen at the collecting station, proved generally 
unresponsive on the recording wire. Moths of 
the Genus Feltia were very reactive in the field, 
but were often found unsuitable for recording 
because of a tendency to respond to almost any 
stimulus by prolonged and erratic flight move- 
ments during which sound responses could not be 
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distinguished in the record from other irregu- 
larities. None of the arctiids tested could be 
induced to respond on the recording apparatus, 
although specimens of A pantesis showed moderate 
reactivity (often inhibitory) on the lighted 
screen. The geometrids, except for such stout- 
bodied forms as Ennomos magnarius Guenée 
(Plate I, fig. c), do not well tolerate impalement, 
and consequently are not good subjects. At- 
tempts to obtain records from the delicate 
bodied pyralids were always unsuccessful. 

The responses illustrated in Plates I to III 
fall into three categories: (A) the initiation of 
flight movements, (B) modification of the form 
or frequency of flight movements, and (C) inter- 
ruption or cessation of flight movements. Re- 
actions of type A may be regarded as clearly 
excitatory, those of type C as inhibitory in 
character. Responses of type B are not readily 
classified in such terms. The initiation of flight 
movements in response to sounds of the Galton 
whistle is illustrated in Plate I, fig. a-g, and in 
Plate III, fig. 0. p,andq. The individual records 
are described below. 

Fig. a (Plate I) is a typical record of the 
brief bursts of flight activity evoked by single 
blasts of the Galton whistle in Graphiphora c- 
nigrum. The record was made at 2:43 P. M., 10 
August, 1953, at a temperature of 29° C. The 
specimen was a male, captured the previous night 
and kept in a dry jar at room temperature until 
used. The upper trace is that of the chrono- 
graph, showing 5-second intervals. The middle 
trace is the stimulus signal. For the seventh 
signal (marked ‘‘S’’ ) the tube to the whistle was 
clamped so that while the signal stylus operated as 
usual, no sound was produced. Such “silent”’ 
signals were given frequently in order to check 
against the possibility of visual or auditory clues 
from the recording apparatus. The lower trace 
shows the responses of the moth. It will be seen 
that except for a single ‘“‘spontaneous”’ burst of 
wing vibration between the second stimulus and 
the third, the correspondence between stimulus 
and response is quite exact. In moths of some 
species ‘“‘spontaneous”’ activity was very trouble- 
some—in several instances so much so that the 
records were worthless as indications of response 
to sound. 

Fig. o (Plate III) is a similar record for another 
species, made at 10:27 P. M., 10 July, 1953, at 
19°C. The moth was a freshly captured female 
of Pseudaletia unipuncta, later found to be in- 
fested with mites in the left tympanic and 
countertympanic cavities. The regularity of the 
responses in this specimen is of special interest 
in view of their being mediated by a single 
tympanic organ. 

Fig. p (Plate III) illustrates the abolition of the 
response to sound by bilateral destruction of 
the tympanic membranes. This was recorded at 
5:45 P. M. on 28 October, 1952. The moth 


Annals Entomological Society of America 


[Vol. 48 


was a male of P. unipuncta, captured the previous 
night. In this experiment the Galton whistle 
was held at about 20 cm. from the moth, and was 
set for a maximum output in the neighborhood 
of 11,000 cycles. The arrow marks a 3-minute 
pause for destruction of the tympanic membranes. 
the two responses designated by “‘T’’ were evoked 
by contact. They show that the effector mech- 
anism was not seriously impaired by the operation. 

Fig. b (Plate I) shows a flight response recorded 
at higher drum speed for the purpose of measur- 
ing the reaction time. The moth was a P. 
unipuncta male, taken on 5 July, 1953, and 
tested the following night at 9:24 P. M. Tem- 
perature, 27°C. The upper trace was made by an 
electrically driven tuning fork vibrating at 100 
cycles per second. The reaction time indicated 
by this record is 0.09 sec. Nineteen similar 
records for this species show an average reaction 
time of 0.080 sec. with a standard deviation of 
0.040 sec. Thirty-four such records for Graphi- 
phora c-nigrum give an average reaction time of 
0.090 sec. with a standard deviation of 0.035 sec. 

Fig. c is a record similar to b, for the geometrid 
Ennomos magnarius. The specimen was a male, 
captured 27 August, 1953, and recorded the 
same night at 11:08 P. M., at 27°C. The reac- 
tion time as measured in this record was 0.13 sec. 
Another record from the same specimen showed a 
reaction time of 0.14 sec., while 2 records for 
another moth of the same species yield reaction 
times of 0.06 and 0.085 sec., respectively. 

Fig. d. Graphiphora c-nigrum o, captured 25 
June, 1953. Recorded at 11:32 A. M., 26 June, 
at 28°C. Moths kept in the laboratory for 
several hours before testing sometimes failed to 
respond to the Galton whistle unless previously 
aroused by contact, by a puff of air, or by some 
other mechanical stimulus. This record, at in- 
termediate drum speed, shows two instances of 
such facilitation. In each case the first and 
more prolonged response is to a light touch not 
indicated in the signal tracing. A sound stimulus 
delivered immediately after the subsidence of 
this first reaction evokes a brief burst of wing 
vibration, while later sounds yield no response. 

Fig. e shows three apparent instances of sum- 
mation of stimuli, flight being initiated not at 
the first whistle blast but only after several 
rapid repetitions. The moth was a male of 
Feltia herilis Grote, captured at 11 P.M., on 19 
July, 1953. The record was made at 11:43 P. M., 
after 34 minutes of previous testing during which 
several prolonged “‘flights’” had occurred. The 
temperature was 28°C. The recorded wing 
movements were preceded in each instance by 
responses of the legs and antennae, increasing in 
amplitude with each stimulus until the flight 
burst commenced. Although the same specimen 
yielded several records similar to that shown, 
this type of reaction was seen only infrequently 
in this or in other species. 
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Fig. f is an unusual record showing the effect 
of varying the interval between stimuli. The 
moth was a freshly captured male of G. c-nigrum. 
The record was made at 12:39 A. M., 29 June, 
1953, at 29°C., after 19 minutes of previous 
stimulation in which strict 1: 1 correspondence 
between stimuli and responses was observed. 
The first response shown in the figure is the 46th of 
a continuous series. When the interval between 
stimuli is increased, the intensity of the response 
is abruptly diminished. It recovers gradually 
when more frequent stimulation is resumed. 
Note that of the first 5 of the second series of 
short-interval stimuli, only the alternate ones 
evoke responses, and these barely detectable in 
the record! 

Fig. g illustrates a commonly observed form 
of accommodation. The response is gradually 
extinguished by repeated stimulation, but is 
restored when the moth has been rearoused by a 
light touch. Similar reactions have been reported 
by Eggers (1926). They have been met with 
frequently in this study. The one shown was 
given by a freshly captured male of P. unipuncta 
after only 16 previous whistle stimuli. The 
record was made at 11:16 P. M. on 25 June, 1953, 
at 24°C. The drum speed was intermediate, 
stimuli 2 to 5 occurring at approximately 2- 
second intervals. 

Fig. q (Plate III) is an example of the abrupt 
extinction of the response which sometimes oc- 
curs with repeated stimulation. The moth was a 
freshly captured female of G. c-nigrum, somewhat 
worn and faded, but still vigorously responsive. 
The record was made at 11:02 P. M. on 26 June, 
1953, at 27°C. Successive stimuli are at ap- 
proximately l-second intervals. Note the re- 
peated recovery of responsiveness following 
brief periods of rest. 

Modification of the flight movements as by 
change of direction or by increased frequency 
of wing beat in response to sound is illustrated in 
Plate II, fig. h and j, and on Plate III, fig. r. 
Change in amplitude of wing beat was also 
commonly observed, but is not usually detectable 
in the kymograph tracings. 

Fig. h, recorded at 1:31 A. M. on 26 June, 1953, 
at 22° C., shows a diminishing series of three or 
four directional changes in a freshly captured 
male of Ctenucha virginica (Amatidae). The dips 
in the response trace coincided with movements 
of the moth’s head toward the right, but were 
probably produced by unilateral differences in 
wing angle or amplitude or both. The directional 
character of the response appeared to be inde- 
pendent of the position of the sound source. 

Fig. j shows an increase in wing beat frequency 
from 21 to 35 beats per second (67%), with a 
latency of about 0.06 second. The moth was a 
freshly captured male of Feltia herilis. The 
record was made at 10:41 P. M. on 18 July, 
1953, at 30°C. The same moth was still giving 
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similar responses on the following morning after 
having spent the entire night on the recording 
wire. In 6 similar records from moths of this 
species, the average frequency increase is 45 
percent. 

Fig. r (Plate III) shows three successive 
changes in the flight pattern of a freshly collected 
male of Crymodes devastator, recorded at 1:25 A. M. 
on 1 September, 1953, at 24°C. The reactions 
appear to be in the nature of directional changes, 
since the record reveals no increase in beat 
frequency. Reaction time in these three re- 
sponses cannot be precisely determined, but is 
estimated at about 0.06 to 0.1 second. 

Inhibitory reactions such as the cessation or 
temporary interruption of flight. movements 
were seen in certain specimens, especially after 
more or less prolonged activity. These are il- 
lustrated in Plate II, fig. k, 1, and m. 

Fig. k shows three short bouts of flight move- 
ment, each terminated by an abrupt change of 
direction following a blast of the Galton whistle. 
The moth was a much frayed female of G. c- 
nigrum captured the previous night. The record 
was made at 2:37 P. M. on 26 June, 1953, at 34° 
C. Note that the first flight was elicited by a 
non-auditory stimulus, the second and third by 
the usual whistle blast. It is clear that suc- 
cessive and similar stimuli may evoke very 
different reactions. Several similar records were 
obtained from the same specimen, but this type 
of response was not seen often in other moths of 
this species. 

Fig. 1 permits a measurement of the reaction 
time for the interruption of flight in a freshly 
captured male of Ctenucha virginica. The record 
was made at 1:20 A. M. on 26 June, 1953, at 
22°C. The onset of the sound is followed by 
only one full wing beat, and within 0.18 second 
all wing movement has ceased. 

Fig. m illustrates momentary interruption and 
spontaneous resumption of flight movements 
following the sound stimulus in a fresh specimen 
(sex undetermined) of Ctenucha virginica, recorded 
at about 11 P. M. on 23 June, 1953. The period 
of complete rest is equivalent to about 8 normal 
wing beats at the frequency prevailing when the 
whistle was sounded. Interruption of flight was 
seen more often in this species than in other moths 
studied, but could scarcely be regarded as a 
characteristic response in any species. It was 
occasionally noted (see fig. t and u, Plate IV) in 
decapitated specimens that had previously shown 
only excitatory reactions. 

Even those moths which are most sensitive 
to the Galton whistle or to other high frequency 
vibrations are seldom visibly affected by foot- 
falls, conversation, or the ordinary sounds of the 
laboratory. In many instances it was possible to 
obtain clear-cut and consistent responses to the 
whistle while the 100-cycle tuning fork was 
buzzing loudly within a few inches of the insect. 
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Several such records are included among those 
previously described. In other cases, however, 
there was no response to the whistle while the 
tuning fork was sounding. The sound of the 
fork evidently “‘masked”’ that of the whistle. An 
example is given in fig. n, Plate III, where the 
white bar in the upper trace was made by the 
vibrating tuning fork at intermediate drum 
speed. The moth, a female of G. c-nigrum 
captured the previous night, responded promptly 
to whistle blasts both before and immediately 
after—but not during—the operation of the 
tuning fork. The record was made at 11:32 
P. M. on 21 July, 1953, at 24°C. In several 
instances the use of the tuning fork was followed 
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(Geometridae) gave consistent reactions of the 
legs or abdomen under these conditions. In the 
latter species, where the tympanic organs are 
readily accessible, the response persisted in the 
decapitated insects after amputation of the 
legs, but was abolished when the tympanic 
membranes were punctured and the chordotonal 
sensillae destroyed. The reactions are evidently 
referable to the tympanic apparatus and not to 
the subgenual organs. 

In moths on the recording wire, the immediate 
effect of decapitation was prolonged and steady 
wing vibration, usually of gradually diminishing 
amplitude. In some instances this activity was 
subject to recordable modification or interruption 
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PLATE III 


by permanent abolition of responsiveness to 


the Galton whistle. 


Responses Following Decapitation 

Schaller and Timm (1950), using a magneto- 
strictive source of ultrasonic vibrations, were 
unable to detect any response in decapitated 
moths either immediately or several days after 
the operation. In the present study, responses 
to the Galton whistle were regularly observed in 
certain species both immediately after decapita- 
tion and for some time following. These re- 
sponses were first noted under the binocular 
microscope in insects restrained by the wings as 
described earlier. Both Caenurgina crassiuscula 
(Phalaenidae) and Coryphista meadi Packard 


in response to the Galton whistle or to sounds 
such as those made by striking a glass jar with a 
bar of metal. Examples are given on Plate IV. 

Fig. s shows several slight but definite responses 
in a feebly vibrating male of G. c-nigrum within 
the first 4 minutes following decapitation. At 
“T” the vibratory activity was reinduced by 
contact stimulation after having previously 
ceased. The clearest responses are those seen at 
the right hand end of the record, which was 
made at 10:09 P. M. on 30 August, 1933, at 28° C. 

Fig. t, recorded at 11:25 P. M. on 3 September, 
1953, at 27° C., shows cessation of flight move- 
ments two minutes after decapitation in a male 
of Crymodes devastator. 

Fig. u, recorded 40 minutes after decapitation, 
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shows several momentary interruptions of flight 
movement in a male of Crymodes devastator. 
This record was made at 2:33 A. M. on 1 Sep- 
tember, 1953, at 24° C. 

Fig. v shows slight but definite changes in the 
character of the flight movements within one 
minute after decapitation in a male of Ennomos 
magnarius (Geometridae). The record was made 
at 12:27 A. M. on 4 September, 1953, at 27° C. 

Fig. w was made by the same specimen as 
fig. v, two minutes later. At this time the moth 
was responding to the experimental sounds with 
great increases in the vigor of its wing movements. 
The reaction time, most readily estimated in 
the last of the three responses, was about 0.07 
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ing or diving movements at the approach of bats, 
and in many instances they appeared to escape 
capture by such manuevers. It was tempting 
to imagine that these “evasive’’ actions were 
initiated by an auditory mechanism responsive 
to the bats’ ultrasonic pulses. Proof that this 
is actually the case, however, is not easily ob- 
tained. The flight of most moths is erratic at 
best, and it is difficult to distinguish truly evasive 
movements from random deviations of the 
flight path. Visual and olfactory clues must 
also be considered, as well as the possible effects 
of gross air disturbances when the pursuing bat 
is close at hand. Experiments designed to 
detect and record the expected reactions for the 
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sec., as compared with 0.13 sec. (fig. c, Plate I) 
for the initiation of flight in a normal moth of the 
same species. Eleven hours after decapitation, 
this same insect was still capable of clearly marked 
responses to the Galton whistle, but only after 
being previously aroused by contact, the responses 
then diminishing rapidly in vigor. 


Exposure to Bats 
It was confidently expected that the exposure 
of sound-sensitive moths to actively vocalizing 
bats would yield results similar to those described 
by Schaller and Timm (1950), but in this respect 
experience to date has been rather disappointing. 
To be sure, moths were often seen to make swerv- 


most part either met with failure or with results 
which were equivocal at best. 

The recording apparatus was set up out-of- 
doors in a dimly lighted area where bats (believed 
to be Myotis lucifugus) came intermittently to 
feed. The moths (both G. c-nigrum and P. 
unipuncta were used), though at the same time 
highly responsive to the Galton whistle, showed 
no obvious reaction either to the presence of 
bats in the area or to the approach of a bat 
within three or four feet. Captive bats (M. 
lucifugus) held in the hand in such a way as to 
induce vigorous vocalization were repeatedly 
brought to within 2 or 3 centimeters of moths on 
the recording wire, without producing either 
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excitatory or inhibitory responses. In two speci- 
mens (G. c-nigrum and C. devastator, both male) 
which did show excitatory reactions when thus 
confronted by a bat at close range, it appeared 
to be the audible squeaks rather than the ultra- 
sonic pulses of the bat that evoked the response, 
for although the oscillograph indicated that active 
ultrasonic vocalization was in progress, the re- 
sponses were observed only when this was 
accompanied by clearly audible squeaks. Leashed 
phalaenids of various species, even when they 
had proved sensitive to the Galton whistle, 
showed no convincing evidence of response to bats 
in free flight, either in a closed room or on a 
screened porch. On four occasions bats were 
seen actually to attack the leashed moths without 
evoking any clearly evasive action. Caged bats 
(M. lucifugus) fed avidly and indiscriminately 
upon a great variety of moths, ‘“‘stalking”’ the in- 
sects by creeping about on the screen walls of 
the cage. Although many hours were spent in 
watching these bats feed, no convincing evidence 
of auditory sensitivity was seen in the hunted 
moths. Arctiids, notodontids, and many pha- 
laenids would exhibit tonic immobility when 
first placed in the cage, but this was true whether 
the bats were vocalizing or not. Flying or 
‘““‘buzzing’’ moths would often encounter a bat 
accidentally and then dart away from its muzzle 
quickly enough to escape capture, but it was 
never clear that this reaction was elicited by 
sound rather than by actual contact. Motion- 
less moths invariably escaped attention or 
capture except when the bats came upon them 
accidentally, and active moths were instantly 
lost to a pursuing bat as soon as they stopped 
moving, even though they might come to rest 
within a centimeter of the bat’s muzzle. Neither 
the initiation nor the cessation of flight bore any 
obvious relation to what the bats were doing, 
and the behavior of moths caged with bats after 
the destruction of the tympanic membranes was 
not appreciably different from that of normal 
insects. The caged bats, however, appeared to 
do most of their hunting with their mouths 
closed, as though locating their prey by the 
sounds of the moths themselves rather than by 
means of their own echos. This was partly borne 
out on one occasion when it was possible to moni- 
tor the sounds of a hunting bat oscillographically 
while it stalked moths within the screen cage. 
The ultrasonic pulses were then seen to be 
very infrequent, and often entirely absent for 
long periods. 

Acceptable though perhaps not conclusive 
evidence of an auditory response to a bat was 
obtained on 5 September, 1953. A_ freshly 
caught bat (M. lucifugus) was placed in a wide- 
mouthed glass jar capped with cheesecloth. 
When the cloth-screened end of the jar containing 
the actively vocalizing (but not audibly squeak- 
ing) bat was turned toward moths that were 
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climbing or ‘“‘buzzing’’ on the dimly lighted 
portion of the porch screen, the insects were 
repeatedly and consistently brought to rest. 
When the mouth of the jar, held at 10 to 15 cm., 
was turned aside, the moths would resume their 
movements. When the jar was held in the 
same position, but with its closed end toward 
the moth, there was no effect, nor was there any 
response at the open end when the bat was silent. 
The reaction was observed only when active 
vocalization was in propress, as judged by the 
barely audible and rapidly repeated, faint, 
ticking sounds heard at the mouth of the jar. 
The moths showing this behavior included 
Feltia herilis (several specimens), Crymodes devas- 
tator (one specimen), several unidentified pha- 
laenids and one pyralid. No response was 
noted in species that lack tympanic organs. 
The reaction was seen less consistently in moths 
occupying the brightly lighted portion of the 
screen. The same insects that responded to the 
bat by the interruption of movement were also 
tested with the Galton whistle, and gave the 
usual excitatory response, darting outward from 
the screen at the onset of the sound. 


DISCUSSION 
Limitations of the Method 


It must be acknowledged that these tentative 
and exploratory studies are limited by certain 
technical and theoretical inadequacies. The ef- 
fectiveness, portability, and simplicity of the 
Galton whistle do not offset its objectionable 
features. Its complex, intense, and unnatural 
sounds yield little information about the sensi- 
tivity of the auditory organs, and they certainly 
correspond to no stimulus that an insect might 
normally experience. The valuable work of 
Schaller and Timm on reactions to precisely 
known vibrational frequencies should be ex- 
tended and supplemented by the recording of 
action potentials from the chordotonal nerve. In 
the study of overt reactions as varied and com- 
plex as those here dealt with, the kymographic 
method is also restricted in usefulness. High 
speed cinematography might be better adapted 
to this purpose. 


Variability of the Response 


The present studies support the impressions 
of earlier workers than an auditory sense exists 
in certain Lepidoptera, that it resides in the 
tympanic organs, and that both in range of 
sensitivity and in variety of response it is a 
highly developed faculty. All of the types 
of reaction reported by Eggers and most of 
those described by Schaller and Timm have 
been observed in this work, but it has not yet 
proved possible to confirm certain opinions of 
these writers regarding the conditions affecting 
the character of the response. Eggers’ suggestion 
that excitatory and inhibitory reactions might 
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be typical respectively of species possessing 
warning and procryptic wing markings is cer- 
tainly not borne out. On the other hand, the 
experience of Schaller and Timm that all species 
react similarly under the same conditions has 
not been duplicated. While it is doubtless true 
that in any individual the type of reaction is 
determined in part by its physiological history, 
it does not appear that the same responsive 
state is exhibited by all species under similar 
circumstances. For example, excitatory responses 
were readily obtained from certain phalaenids 
such as Graphiphora c-nigrum under a wide 
variety of conditions, none of which appeared 
adequate for such reactions in the arctiids tested. 
On the other hand, inhibitory responses were 
seen much oftener in the amatid, Ctenucha 
virginica, than in other species. Whether these 
facts reflect species or family differences in 
sensitivity to the particular sounds employed, or 
to some as yet unassessed environmental factor, 
they certainly suggest some kind or degree of 
genetic differentiation as regards the auditory 
sense. Schaller and Timm believe it probable 
that alerted moths which are vibrating their 
wings as though in preparation for flight — will 
take off in response to sound only when the 
necessary temperature for flight has been reached, 
and until then will exhibit only the death- 
feigning reaction. This is indeed a plausible 
speculation, although the facts which suggested 
it seem open to other interpretations. In the 
experience of the writer there has been as yet no 
controllable condition, either intrinsic or extrinsic, 
which has yielded reproducible modifications in 
the response to sound. 

From their inability to obtain responses to 
sound in decapitated moths, Schaller and Timm 
concluded that the sound reaction is not wholly 
reflexive in nature, but is normally subject to 
critical central modification, and that it is this 
factor which accounts for the manifold variety of 
overt effects. While this conclusion is probably 
correct, the present records of response after 
decapitation indicate that it should rest upon 
other evidence, such as the great variability of 
the reactions and their difference in character 
before and after the head has been removed. 
The considerable variation in reaction time in a 
series of responses from the same moth also 
bespeaks a central influence, although it is by 
no means clear that this must originate in the 
brain. 

Survival Significance 

Although their observations were not reported 
in much detail, Schaller and Timm became con- 
vinced that the chief if not the only function of 
the tympanic organs in Lepidoptera is the detec- 
tion and evasion of bats. This idea is so ap- 
pealing, and is supported by so much logic and 
by so many casual observations that it would 
seem an easy one to verify by controlled experi- 
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ments. Acceptable evidence in support of it, 
however, is still very meager. There are as yet 
no records of consistent differences in flight 
pattern or in other behavior as between moths 
with intact tympanic organs and those with 
tympanic damage, when confronted with or 
pursued by bats. Until such records are ob- 
tained, the hypothesis, however attractive, must 
remain unconfirmed. 

If the evasion of bats is indeed a primary 
function of the tympanic organs, then the 
presence of these structures—even exceptionally 
in day-flying Lepidoptera, and their absence in 
many families of nocturnal Lepidoptera included 
among those which are the natural prey of bats, 
are circumstances which seem to require explana- 
tion. It could scarcely be contended, of course, 
that the absence of a structure in one group of 
animals would prove the lack of a selective ad- 
vantage in its possession by another group in a 
similar situation. In fact it is evident that the 
moths of families possessing tympanic organs 
have enjoyed some sort of selective advantage, 
whether from this or from other sources, for 
they are certainly the most abundant of known 
Lepidoptera as regards the number of their 
species, and perhaps also in their general popula- 
tion. The advantage, if it exists, however, 
might well be in some context in which bats play 
no part. That the tympanic organs have an 
auditory or even a proprioceptive function 
wholly unconcerned with bats or with any other 
predator is a possibility not excluded by any 
investigations known to the present writer. The 
possession of tympanic organs by some day- 
flying Lepidoptera could perhaps be explained on 
the assumption that in these species diurnal 
flight is a recently acquired habit, and that the 
tympanic organs here persist as functional 
vestiges without survival value. More accept- 
able, perhaps, is the suggestion that most of the 
day fliers with tympanic organs are also abroad 
at night, when an auditory sense might be of more 
benefit. Certainly the auditory faculty, if it 
exists at all, is little developed in the typically 
diurnal butterflies despite the fact that some of 
these (e.g., the satyrids) have a sort of tympanic 
organ in the bases of the wing veins. 

That insects apparently voiceless should possess 
a highly developed auditory sense is a paradox 
which may find its explanation in the relation 
of the hunted to the hunter. The facts revealed 
thus far may increase the probability that this 
is true—but they leave plenty of room for doubt. 


SUMMARY 


A method is described for the kymographic 
recording of certain types of overt response to 
sound chiefly in phalaenid Lepidoptera. 

By kymographic recording as well as by direct 
observation, reports of previous workers have 
been confirmed and extended. 
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Three types of response are illustrated kymo- 
graphically: (A) the initiation of flight move- 
ments; (B) change in the form and frequency of 
the wing beat; (C) interruption or cessation of 
flight movements. 

Reaction times of about 0.08 and 0.09 second 
respectively are reported for the initiation of 
flight movements in Graphiphora c-nigrum and 
Pseudaletia unipuncta. 

Summation of stimuli, facilitation by previous 
mechanical stimulation, accommodation, and the 
masking effect of certain sounds are described 
and illustrated kymographically. Responses are 
shown to be dependent upon the integrity of the 
tympanic organs. 

Responses to sound after decapitation have 
been recorded in some species. 

Although excitatory responses to the inaudible 
components of bat cries have not been obtained, 
interruption of movement has been observed in 
moths confronted by a “‘ticking’’ bat. 

Field observations are given, showing sensi- 
tivity to sound in certain day-flying Lepidoptera. 

That an important function of the tympanic 
organs is the detection of the ultrasonic pulses 
of bats is regarded as probable but not proved. 
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A REVIEW OF THE GENUS RALLICOLA (PHILOPTERIDAE, MALLOPHAGA) 
FOUND ON ARAMIDAE, PSOPHIIDAE AND RALLIDAE 


kK. C. EMERSON 


INTRODUCTION 


While attempting to identify a large collection 
of the genus Rallicola, the author realized that 
the genus was in need of revision. Subsequent 
correspondence with Miss Clay, Department of 
Entomology, British Museum (Natural History), 
established the fact that she had already prepared 
a revision of the “ Rallicola complex”’, but without 
detailed descriptions of the species. The manu- 
script of this revision was immediately made 
available to the author. 

The comprehensive generic description and 
discussion of the variation in the Rallicola 
species parasitizing the Rallidae, contained in 
Miss Clay’s paper has eliminated the necessity of 
including a discussion of these subjects in the 
present study. This study is confined to an 
examination of those species of Rallicola found on 
the avian families Aramidae, Psophiidae, and 
Rallidae of the order Gruiformes, and is to supple- 
ment the information contained in Miss Clay’s 
paper. 

In addition to the author’s collection, material 
has been furnished by Mr. M. A. Carriker, Jr.; 
Mr. C. F. W. Muesebeck, United States National 


Museum; Miss Theresa Clay, Department of 
Entomology, British Museum (Natural History); 
Mr. G. H. E. Hopkins, Zoological Museum, 
Tring; and Dr. Harry D. Pratt, Communicable 
Disease Center, U. S. Public Health Service. I 
am indebted to Miss Theresa Clay and Mr. G. 
H. E. Hopkins for their assistance and suggestions. 


KEY TO THE RALLICOLA FOUND ON ARAMIDAE, 
PSOPHIIDAE AND RALLIDAE 


1. Hyaline margin of forehead absent, or not notice- 

ably expanded 

Hyaline margin of forehead broadly expanded.... 7 

Abdominal tergites with more than ten medium- 
length setae on the posterior margins...... foedus 

Abdominal tergites with six, or less, medium- 
length setae on the posterior margins 

Antennae filiform and similar in both sexes....... 4 

Antennae of female filiform; of the male, segment I 
considerably enlarged and segment III pro- 
longed distally beyond the junction with seg- 


Abdominal sternite V with six or seven medium- 
length setae on the median portion of the 
posterior margin 

Abdominal sternite V with four or five medium- 
length setae on the median portion of the 
posterior margin 
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5. Abdominal tergites IV-V! of the female trans- 
versely continuous lugens 
Abdominal tergites IV-V of the female divided 
medianly 
Sternite IX of the male with a median lobe-like 
process reaching to, or beyond, the end of the 
abdomen “advenus group” 
Sternite IX of the male without a lobe-like process 


In the female, three genital setae on the tubercle 
on each side gracilis 
In the female, two genital setae on the tubercle 
on each side 
Antennae filiform and similar in both sexes. 
ortygometrae 
Antennae of female filiform; of the male, segment I 
considerably enlarged and segment III usually 
prolonged distally beyond the junction with 
segment IV 
Sternite VIII (or IX ?) of the male distinctly 
bilobed or with lateral lobes.................. 10 
Sternite VIII (or IX ?) of the male not distinctly 
bilobed or with lateral lobes.................. 11 
Tergites III-V of the male divided, or partly 
divided, medianly . .carrikeri 
Tergites III-V of the male transversely con- 
SIMI 15.5 5 20>. 2 Flees ee tars 98 9 hoc ciate we andinus 
Mesosome large and extending distally beyond the 
0 SOR Aa orn ree 
Mesosome not extending distally beyond 
MDM aS Sn e Liy as ieee shia ow orga gs eit wG.w ue 13 
Abdominal tergite III transversely continuous. 
mystax 
Abdominal tergite III divided medianly zumpti 
Penis elongated and recurved............flavescens 
Penis short and straight 
Abdominal sternites III-VI with six, or fewer, 
setae on the posterior margins................ 15 
Abdominal sternites III-VI with more than six 
setae on the posterior margins............. ferrisi 
Tergite VII, of the male interrupted medianly. 
funebris 
Tergite VII, of the male transversely continuous... 16 
Tergite V of the female interrupted medianly.....17 
Tergite V of the female transversely continuous. . . 18 
Tergite VII of the female interrupted medianly. 
elliotti 
Tergite VII of the female transversely continuous. 
cuspidatus 
hoogstraali 


Mesosome short, broadly rounded 
sarothurae 


Mesosome elongated and pointed 


Rallicola porzanae has been omitted from the 


it is discussed elsewhere in the paper. 


Rallicola foedus (Nitzsch) 
Lipeurus foedus Nitzsch, 1866, (in Giebel) Z. ges. Nat. 

Wiss., 28: 387. 

Material examined: 

1 male, 1 female from Psophia crepitans crepi- 
tans Linnaeus, (type host) Venezuela. 

4 males, 18 females from Psophia 
viridis Spix, Brazil. 

3 males, 2 females from Psophia leucoptera 
leucoptera Spix, Peru. 

A long slender atypical species. Forehead 
without extended hyaline margin. Antennae 
sexually dimorphic, the first antennal segments 
being enlarged and elongated in the male; each 
with an appendage. Tergites transversely con- 
tinuous in both sexes, each with twenty medium- 


1The first apparent tergite is tergite II. 


key: 


viridis 
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length setae on the posterior margin. Abdominal 
sternites, in both sexes, each with sixteen medium- 
length setae on the posterior margin. This is the 
only species examined in which the abdominal 
segments are without well-defined paratergal 
plates. Male genitalia as in figure 3. 


Male Female 


0.65mm 0.70 mm 
0.52 0.57 
0.32 0.35 
0.45 0.55 
0.45 0.60 

i: mone 2.90 


Measurements:? 


Length of head.. 
Width of head... 
Width of prothorax.. 
Width of pterothorax. 
Width of abdomen.. 
Total length 
Rallicola fulicae (Denny) 

Nirmus fulicae Denny, 1842, Mon. Anopl. Brit., p. 50 and 

125, pl. 9, fig. 2. 

Material examined: 

2 males, 1 female from Fulica atra atra Linnaeus, 
(type host) England. 

2 males, 1 female from Fulica atra atra Linnaeus, 
China. 

1 male, 1 female from Fulica 
Gould, Australia. 

A short stout species, with a short wide head. 
Forehead without extended hyaline margin. The 
antennae are sexually dimorphic, the first an- 
tennal segment being enlarged and elongated in 
the male. Abdominal tergites II-VII in the 
female, and II-IV in the male, interrupted medi- 
anly. Abdominal sternites III-VI in both sexes 
with seven medium-length setae on the posterior 
margins. The male genitalia as in figure 1. 

Male 
0.37 mm 
0.35 
0.23 


atra australis 


Female 


0.45 mm 
0.45 
0.30 
0.31 0.40 
0.40 0.53 
12 1.60 


Measurements: 


Length of head... 
Width of head 
Width of prothorax. 
Width of pterothorax 
Width of abdomen.. 
Total length....... cm 


The ‘‘advenus group” 

Except for slight differences in size and ab- 
dominal chaetotaxy, there appears to be no 
satisfactory external morphological characters by 
which R. advenus (Kellogg), R. wernecki n. sp., 
R. taylori n. sp., and R. guimaraesi n. sp. can be 
separated. The male genitalia differ greatly and 
offer the best means of separation for the species 
of this well-defined group. 


Rallicola advenus (Kellogg) 
Oncho phorus advenus Kellogg, 1896, Proc. Calif. Acad. Sci. 

(2) 6: 133, pl. II, figs. 1 and 2. 

Docophoris minutotrabeculatus Osborn, 1896, Bull. U. S. 

Bur. Ent. (n. s.) 5: 221. 

Material examined: 12 males, 13 females from 
Fulica americana americana Gmelin, (type host) 
Iowa, Louisiana, New Mexico, Kansas and 
Costa Rica. 

A short stout species, with a short wide head. 
Hyaline margin of forehead not extended, and 


2All measurements throughout the paper are of speci- 
mens mounted in balsam. 
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more broadly rounded than in R. fulicae. The 
antennae are sexually dimorphic, the first an- 
tennal segment being enlarged and elongated in 
the male. Abdominal tergites II-VII in the 
female, and II-IV in the male, interrupted 
medianly. Abdominal sternites III-VI in both 
sexes with six or seven medium-length setae on 
the posterior margins. Male genitalia as in 
figure 6. 


Female 


0.40 mm 
0.40 
0.26 
0.35 
0.47 
1.40 


Male 


. 0.33 mm 

.. 0.34 

. 0.23 

. 0.33 
0.40 
1.20 


Measurements: 


Length of head.. 
Width of head 

Width of prothorax... 
Width of pterothorax.. 
Width of abdomen 
Total length 


Rallicola wernecki n. sp. 


Material examined: 

4 males, 1 female from Fulica armillata Vieillot, 
Chile. 

Male: Head as in figure 34. Posterior margin 
of pterothorax with a pair of long setae in each 
posterior lateral angle, and with two pairs of 
median setae. Abdominal tergites [I-IV in- 
terrupted medianly. Paratergal plates produced 
anteriorly and each with two long and one 
short setae in each posterior lateral angle. Ab- 
dominal sternites III-VI each with seven medium- 
length setae on the posterior margin. Male 
genitalia as in figure 4. 

Female: Antennae filiform, abdominal tergites 
II-VII interrupted medianly. Chaetotaxy, ex- 
cept for the terminal abdominal segments, as in 
the raale. 

Female 


0.40 mm 
0.40 
0.25 
0.35 
0.43 
1.35 


Male 


0.43 mm 
0.40 
0.23 
0.35 
0.40 
1.23 


Measurements: 


Length of head.. 
W:dth of head 
/:dth of prothorax... 
/:dth of pterothorax.. 
Jidth of abdomen.... 
Total length 


This species is named for Dr. F. L. Werneck, 
the noted Brazilian specialist on Mallophaga. 
The holotype male and allotype female have been 
deposited in the U. S. National Museum. 


Rallicola taylori n. sp. 

Material examined: 

2 males, 2 females from Fulica gigantea Eydoux 
and Souleyet, Bolivia. 

Male: Head as in figure 33. Abdominal ter- 
gites II-IV interrupted medianly. Abdominal 
sternites III-VI each with eight medium-length 
setae on the posterior margin. This species 
differs but little from R. advenus, except in the 
details of the male genitalia (figure 7), and in 
that the setae of the abdominal chaetotaxy are 
considerably smaller. 

Female: Antennae filiform, abdominal tergites 
II-VII interrupted medianly. Chaetotaxy, ex- 
cept for the terminal abdominal segments, as in 
the male. 
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Measurements: Male Female 


Length of head... , ... 0.50 mm 0.42 mm 
Wiatn Of Head.............. 0.@ 0.47 
Width of prothorax . 0.27 0.27 
Width of pterothorax.. . 0.40 0.40 
Width of abdomen oo Oe 0.55 
Total length ~ 1.4 1.55 


This species is named for Dr. Walter P. Taylor, 
my former teacher, and noted zoologist and 
ecologist presently residing in California. The 
holotype male and allotype female have been 
deposited in the U. S. National Museum. 


Rallicola guimaraesi n. sp. 


Material examined: 

2 males, 2 females from Fulica rufifrons Philippi 
and Landbeck, Chile. 

Male: Head as illustrated in figure 32. Ab- 
dominal tergites II-IV interrupted medianly. 
Abdominal sternites III-VI each with seven 
medium-length setae on the posterior margin. 
This species differs but little from the other 
forms found on Fulica spp., except for size and in 
the details of the male genitalia (figure 2). The 
very large and complicated male genitalia easily 
distinguishes it from related species. 

Females:Antennae filiform, abdominal tergites 
II-VII interrupted medianly. Chaetotaxy, ex- 
cept for the terminal abdominal segments, as in 
the male. 


Male Female 


. 0.40 mm 0.48 mm 
0.38 0.47 

ae 0.28 

. 0.37 0.42 
0.51 0.57 
1.48 1.58 


Measurements: 
Length of head. 
Width of head 
Width of prothorax... 
Width of pterothorax.. 
Width of abdomen 
Total length 


This species is named for Dr. L. R. Guimaraes, 
the noted Brazilian specialist on Mallophaga. 
The holotype male and allotype female have been 
deposited in the U. S. National Museum. 


Rallicola minutus (Nitzsch) 


Nirmus minutus Nitzsch, 1866, (in Giebel) Z. ges. Nat- 
Wiss., 28: 375. (type host, Gallinula chloropus chloro- 
pus Linnaeus). 

Nirmus parvulus Piaget, 1880, Les Pédiculines, p. 669, pl. 
55, fig. 6. (type host, Gallinula chloropus orientalis 
Horsfield). 

Rallicola bisetosa var. microcephala Uchida, 1948, Jap. 
Med. Jour., 1: 307. (type host, Gallinula chloropus 
indica Blyth and Amaurornis phoenicurus chinensis 
(Boddaert) ). 


EXPLANATION OF PLATE I 
Rallicola Spp. Male genitalia, drawn to the same scale. 
Fic. . fulicae (Denny). 
Fic. R. guimaraesi n. sp. 
FIG. R. foedus (Nitzsch). 
Fic. 4. R. wernecki n. sp. 
Fic. 5. R. andinus Carriker. 
Fic. 6. R. advenus (Kellogg). 
Fic. R. taylori n. sp. 
Fic. R. cuspidatus (Scopoli). 
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Material examined: 

2 males, 3 females from Gallinula chloropus 
chloropus Linnaeus, Germany and England. 

1 female from Gallinula chloropus galeata 
(Lichtenstein), Trinidad. 

3 males, 3 females from Gallinula chloropus 
cerceris Bangs, Antigua, British West Indies. 

1 male, 1 female from Gallinula chloropus 
cachinnans Bangs, South Carolina. 

Head long and slender, hyaline of forehead not 
extended. Antennae filiform and similar in both 
sexes. Abdominal tergites II-III in the male, 
and II-VII in the female, interrupted medianly. 
Abdominal sternites III-VI in both sexes with 
four or five medium-length setae on the posterior 
margins. Male genitalia as in figure 31. 


Female 


0.44 mm 
0.36 
0.23 
0.33 
0.44 
1.35 


Male 


0.41 mm 
0.34 
0.24 
0.30 
0.40 
1.15 


Measurements: 


Length of head... 

Width of head. 
Width of prothorax........ 
Width of pterothorax.. 
Width of abdomen. 

Total length.... 


The description and measurements given by 
Uchida agree with material from Gallinula chloro- 
pus chloropus Linnaeus, and not with specimens 
obtained from Amaurornis phoenicurus chinensis 
(Boddaert). 


Rallicola harrisoni n. sp. 


Material examined: 

5 males, 6 females from Gallirallus australis 
australis (Sparrman), New Zealand. 

Male: Head as in figure 29. Abdominal 
tergites transversely continuous. Abdominal 
sternites III-VI each with six or seven medium- 
length setae on the posterior margin. Male 
genitalia as in figure 30. 

Female. Antennae filiform, abdominal tergites 
II-VII interrupted medianly. Chaetotaxy, ex- 
cept for the terminal abdominal segments, as in 
the male. 


Measurements: Male Female 


Length of head... 0.51 mm 0.51 mm 
Width of head..... 38 0.40 
Width of prothorax... 22 0.24 
Width of pterothorax.. 35 0.38 
Width of abdomen..... . 0.46 0.48 
Total length 1.37 1.68 


This species is very closely related to R. 
minutus, but can be distinguished from it by the 
more numerous setae on the abdominal sternites, 
and by the fact that the second abdominal tergite 
in the male is transversely continuous. 

This species is named for the late Mr. L. 
Harrison, who contributed much to our knowledge 
of the Mallophaga, during his lifetime. The 
holotype male and allotype female are in Mr. 
M. A. Carriker’s collection. 
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Rallicola ortygometrae ortygometrae (Schrank) 


Pediculus ortygometrae Schrank, 1781, Enum. Ins. Austr. 
Indig., p. 503. 

Nirmus atienuatus Burmeister, 1838, Handb. Ent., 2: 428. 
Nomen novum for Pediculus ortygometrae Schrank 1781. 


Material examined: 

1 male, 2 females from Crex crex (Linnaeus), 
(type host) France. 

Head slender, with a wide hyaline margin. 
Antennae filiform and similar in both sexes. 
Abdominal tergites II-III in the male, and II-V 
in the female, interrupted medianly. Abdominal 
sternites III-VI in both sexes with three or four 
long setae on the posterior margins. Male 
genitalia as in figure 14. 


Male 
0.42 mm 
0.30 
0.20 
0.27 
0.40 
1.22 


Female 


0.45 mm 
0.33 
0.22 
0.31 
0.47 
1.56 


Measurements: 


Length of head..... 
Width of head......... 
Width of prothorax..... 
Width of pterothorax. . 
Width of abdomen..... 
Total length 


In the past, workers have commented that 
certain species of Rallicola found on the true 
Rails form a compact and closely related group. 
From the evidence obtained in this study, it is 
apparent that the species listed by Clay, in the 
“afinis group” and related species, are very 
similar and form a well-defined group. The 
host distribution is apparently limited to the sub- 
family Rallinae, but without regard to host 
phylogeny as presently accepted within the 
subfamily. 

The differences in size, external morphology, 
and male genitalia are so slight that it is the 
opinion of the author that, for the present, all 
forms should be treated as subspecies of R. 
ortygometrae. 


KEY TO THE SUBSPECIES OF RALLICOLA 
ORTYGOMETRAE 


Seven long setae on the posterior margins of 
abdominal sternites III-VI bedfordi 

Fewer than seven long setae on the posterior margins 
of abdominal sternites III-VI 

Tergite VIII in the female divided medianly 

Tergite VIII in the female transversely continuous. . 

Tergite V in the male divided medianly. . . . bisetosus 

Tergite V in the male transversely continuous..... 4 

Tergite III in the male divided medianly......... 5 

Tergite III in the male transversely continuous. 





EXPLANATION OF PLATE II 


Rallicola spp.; Male genitalia, drawn to the same scale. 


Fic. 9. R. ortygometrae bedfordi n. ssp. 
Fic. 10. R. ortygometrae clayae Tandan. 
Fic. 11. R. ortgometrae californicus (Kellogg and 
Chapman). 
R. ortygometrae pratti n. ssp. 
. ortygometrae bisetosus (Piaget). 
. ortygometrae ortygometrae (Schrank). 
. ortygometrae affinis (Piaget). 
. ortygometrae haydocki n. ssp. 
. ortygometrae ewingi n. ssp. 


Fic. 12. 
Fic. 13. 
Fic. 14. 
Fic. 15. 
Fic. 16. 
Fic. 17. 
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Four long setae on the posterior margin of abdominal 
sternite V i 
Five long setae on the posterior margin of abdominal 
sternite V californicus 
Tergite VI in the female divided medianly 
Tergite VI in the female transversely continuous. 
ortygometrae 
Six long setae on the posterior margin of abdominal 
sternite V haydocki 
Four or five long setae on the posterior margin of 
abdominal sternite V 
Tergite VII in the female divided medianly. ....pratti 
Tergite VII in the female transversely continuous. 
affinis 


Rallicola ortygometrae piageti Clay and Rallicola 
ortygometrae guami Carriker have been omitted 
from the key. A discussion of these two forms 
has been included elsewhere in the paper. 


Rallicola ortygometrae bedfordi n. ssp. 


Material examined: 

4 males, 3 females from Rougetius rougetii 

(Guérin-Méneville), Ethiopia. 

Male: Head as in figure 35. Abdominal 
tergites II-IV interrupted medianly. Abdominal 
sternites III-VI each with seven long setae on 
the posterior margins. Male genitalia as in 
figure 9. 

Female. Antennae filiform, abdominal tergites 
II-VII interrupted medianly. Chaetotaxy, ex- 
cept for the terminal abdominal segments, as in 
the male. 


Male Female 


0.50 mm 0.50 mm 
0.37 0.37 
0.25 0 
0.37 

.. 0.48 

. 1.68 


Measurements: 


Length of head... 
Width of head. 

Width of prothorax.... 
Width of pterothorax.. 
Width of abdomen 
Total length 


This species is named for the late Mr. G. A. H. 
Bedford, who made many contributions to our 
knowledge of African Mallophaga. Holotype 
male, slide number 613 and allotype female, slide 
number 614 deposited in the British Museum 
(Natural History). 


Rallicola ortygometrae bisetosus (Piaget) 

Oncophorus bisetosus Piaget, 1880, Les Pédiculines, p. 

217, pl. 18, fig. 14. 

Material examined: 

4 males, 10 females from Rallina 
tricolor Gray, (type host) Aru Islands. 

Abdominal tergites II-V in the male, and 
II-VIII in the female, interrupted medianly. 
Abdominal sternites III-VI in both sexes with 
four long setae on the posterior margins. Male 
genitalia, the largest of the group, as in figure 13. 


Male 


0.46 mm 
0.38 
0.23 
0.33 
0.44 
1.28 


tricolor 


Female 


0.48 mm 
0.42 
0.23 
0.33 
0.44 
1.45 


Measurements: 
Length of head... 
Width of head 
Width of prothorax.... 
Width of pterothorax.. 
Width of abdomen 
Total length........ 
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Rallicola ortygometrae californicus 
(Kellogg and Chapman) 
Oncophorus californicus Kellogg and Chapman, 1899, Occ. 

Pap. Calif. Acad. Sci. 6: 106, pl. 7, fig. 6. 

Material examined: 

2 males, 3 females from Rallus longirostris 
scotti Sennet, Florida. 

3 males, 4 females from Rallus longirostris cari- 
baeus Ridgway, Antigua, British West Indies. 

5 females from Rallus longirostris waynei 
Brewster, South Carolina. 

13 males, 31 females from Rallus elegans elegans 
Audubon, Louisana and Alabama. 

3 females from Rallus elegans ramsdeni Riley, 
Cuba. 

The original description, based on material 
collected from Rallus limicola limicola Vieillot 
and Rallus elegans elegans Audubon, agrees with 
all material examined. 

Abdominal tergites II-VIII in the female, and 
II-III in the male; interrupted medianly. Ab- 
dominal sternites in both sexes with five medium- 
length setae on the posterior margins. Male 
genitalia as in figure 11. 


Male Female 


.. 0.52 mm 0.55 mm 
. 0.36 0.39 
. 0.24 0.25 
. 0.34 0.39 
.. 0.4 0.50 
cu cee 1.80 


Measurements: 


Length of head... 
Width of head........ 
Width of prothorax... 
Width of pterothorax..... 
Width of abdomen........ 
Total length wee 


Rallicola ortygometrae clayae Tandan 

Rallicola clayae Tandan, 1951, Ann. Mag. Nat. Hist. (12) 

4: 810, figs. 9-13. 

Material examined: 

1 male, 1 female from Amaurornis phoenicurus 
chinensis (Boddaert), (type host) India. 

Abdominal tergites II-VIII in the female, and 
II in the male, interrupted medianly. Abdominal 
sternites III-VI in both sexes with five long 
setae on the posterior margins. Male genitalia 
as in figure 10. 


Male Female 


. 0.44 mm 0.46 mm 
0.33 0.35 
0.21 0.22 

. 0.30 0.32 

ix a 0.50 

. 1.40 1.60 


Measurements: 
Length of head... 
Width of head 
Width of prothorax... 
Width of pterothorax... 
Width of abdomen 
Total length 


Rallicola ortygometrae affinis (Piaget) 
Oncophorus affinis Piaget, 1880, Les Pédiculines, p. 217, 
pl. 18, fig. 3. 


EXPLANATION OF PLATE III 
Rallicola spp.; Male genitalia, drawn to the same scale. 

Fic. 18. R. flavescens (Piaget). 

Fic. 19. R. mystax (Giebel). 

FIG. R. zumpti (Keler). 

Fic. R. funebris (Nitzsch). 

FIG. R. ferrisi n. sp. 

Fic. R. elliotti n. sp. 

FIG. R. lugens (Giebel). 
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Material examined: 

1 male, 1 female from Dryolimnas cuvieri 
cuviert (Pucheran). 

Part of the Piaget Duplicate Collection, with 
the following notation on the slide label ‘‘com- 
pared with type—probably part of the original 
type material’. 

Abdominal tergites II-III in the male, and 
II-VI in the female; interrupted medianly. 
Abdominal sternites III-VI in both sexes, with 
four or five long setae on the posterior margins. 
Male genitalia as in figure 15. 


Male Female 


.46 mm 0.51 mm 
36 0.39 
0.25 
0.35 
0.52 
1.62 


Measurements: 


Length of head..... 
Width of head 

Width of prothorax... 22 
Width of pterothorax.. 32 
Width of abdomen 42 
Total length 1.27 


Rallicola ortygometrae pratti n. ssp. 


Material examined: 

5 males, 14 females from Ortygonax nigricans 
nigricans (Vieillot), Brazil and Colombia. 

Male: Head as in figure 37. Abdominal ter- 
gites II-III interrupted medianly. Abdominal 
sternites III-VI each with four medium-length 
setae on the posterior margins. Male genitalia 
as in figure 12. 

Female: Antennae filiform, abdominal tergites 
II-VII interrupted medianly. Chaetotaxy, ex- 


cept for the terminal abdominal segments, as in 
the male. 


Male Female 


0.47 mm 50 mm 
0.37 37 
0.23 23 
0.32 32 
0.43 0.50 
1.50 1.63 


Measurements: 


Length of head... 
Width of head..... 
Width of prothorax... 
Width of pterothorax.. 
Width of abdomen 
Total length 


This species is named for Dr. Harry D. Pratt, 
Entomologist with the U. S. Public Health 
Service. Holotype male, slide number 615 and 
allotype female, slide number 616 have been 
deposited in the British Museum (Natural 
History). 


Rallicola ortygometrae haydocki n. ssp. 


Material examined: 

4 males, 5 females from Crecopsis egregia 
(Peters), Mpata Kafu, N. Rhodesia. 

Male: Head as in figure 27. Abdominal ter- 
gites II-III interrupted medianly, IV partly 
divided. Abdominal sternites III-VI each with 
six long setae on the posterior margin. Male 
genitalia as in figure 16. 

Female: Antennae filiform, abdominal tergites 
II-VI interrupted medianly. Chaetotaxy, ex- 
cept for the terminal abdominal segments, as in 
the male. 
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Male Female 


0.48 mm 0.49 mm 
0.36 0.38 
0.23 0.25 
0.32 0.36 
.. 0.45 0.55 
. 1.68 1.98 


Measurements: 


Length of head 

Width of head........ 
Width of prothorax....... 
Width of pterothorax........ 
Width of abdomen......... 
Total tength......3....... 


This species is named for Major E. L. Haydock 
of Luanshya, N. Rhodesia, the collector. Holo- 
type male and allotype female, slide number 619, 
in the British Museum (Natural History). 


Rallicola ortygometrae ewingi n. ssp. 


Material examined: 

4 males, 13 females from Aramides cajanea 
cajanea (P. L. S. Miller), (type host) Colombia. 

3 males, 12 females from Aramides cajanea 
mexicana Bangs, Mexico. 

Male: Head as in figure 28. Abdominal ter- 
gites II-III interrupted medianly. Abdominal 
sternites III-VI, each with four medium-length 
setae on the posterior margins. Male genitalia 
as in figure 17. 

Female: Antennae filiform, abdominal tergites 
II-VIII interrupted medianly. Chaetotaxy, ex- 
cept for the terminal abdominal segments, as in 
the male. 


Male Female 


. 0.47 mm 0.54 mm 
0.36 0.42 
0.20 20 
0.25 28 
0.39 43 
1.51 1.72 


Measurements: 


Length of head..... 
Width of head a 
Width of prothorax..... ; 
Width of pterothorax........ 
Width of abdomen.......... 
ge a 


This species is named for the late Dr. H. E. 
Ewing who contributed much to our knowledge 
of external parasites during his lifetime. Holo- 
type male and allotype female in the collection 
of Mr. M. A. Carriker. 


Rallicola ortygometrae piageti Clay 


Onchophorus major Piaget, 1888, (nec. O. major Piaget, 
1885). Tijdschr. Ent. 31: 153, pl. 3, f. 6. (type host: 
Tricholimnas lafresnayanus (J. Verreaux and Des 
Murs) ). Rallicola piageti Clay, 1953, Proc. Zool. Soc. 
London, 123: 584. Nomen novum for Oncophorus 
major Piaget, 1888. 

No material from this host has been examined. 
Miss Clay states that the measurements of the 
type male are as follows: width of head, 0.39 
mm; length of head, 0.47 mm (from the anterior 
margin of the anterior plate as the hyaline margin 
is damaged). The male genitalia are of the 
“ortygometrae type’’. 


Rallicola ortygometrae guami Carriker 
Rallicola guami Carriker, 1949, Proc. U. S. Nat. Mus., 
100: 4, fig. 1, e, f. (type host: Rallus owstoni (Roths- 
child) ). 
Material from this host has not been examined. 
The description and illustrations clearly show 
that the form is a subspecies of R. ortygometrae, 





A Review of the Genus Rallicola PLATE IV 
K. C. Emerson 


Rallicola spp.; Ventral view of the head, male, drawn to Rallicola species, male genitalia, drawn to the same 
the same scale. scale. 
PIG. 25. . elliotti n. sp. Fic. 30. R. harrisoni n. sp. 
MIG. 26. . ferrisi n. sp. Fic. 31. R. minutus (Nitzsch). 
‘owe . ortygometrae haydocki n. ssp. 
3. 28. . ortygometrae ewingi n. ssp. 
PIG. 29. . harrisoni n. sp. 
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but there is insufficient information given to 
satisfactorily place the form within the group. 


Rallicola hoogstraali n. sp. 


Material examined: 

6 males, 6 females from Rallus madagascariensis 
Verreaux collected at Bemangidy, Ft. Dauphin 
District, Madagascar. 

Male: Head as in figure 36. Posterior margin 
of the pterothorax with four pairs of long setae. 
Second abdominal tergite interrupted medianly, 
the remainder transversely continuous. Para- 
tergal plates produced anteriorly, each posterior 
lateral angle with two long and one short setae. 
Abdominal sternites III-VI with four medium- 
length setae on the posterior margins. Male 
genitalia as in figure 38. 

Female: Antennae filiform, abdominal tergites 
II-III interrupted medianly. Chaetotaxy, ex- 
cept for the terminal abdominal segments, as 
in the male. Terminal abdominal segments as 
in figure 43. 

Female 
0.55 mm 


0.42 
0.25 
0.37 
0.56 


1.72 


Male 
. 0.55 mm 


0.42 
.. 0.25 
. 0.37 
0.50 
. 1.64 


Measurements: 


Length of head.. 
Width of head 

Width of prothorax... 
Width of pterothorax.. 
Width of abdomen 
Total length 


This species is named for Dr. Harry Hoogstraal, 
the collector. Holotype male and allotype female 
in the U. S. National Museum. 


Rallicola funebris (Nitzsch) 
Nirmus funebris Nitzsch, 1866, (in Giebel) Z. ges. Nat- 

Wiss., 28: 371. 

Rallicola bresslaui Pesséa and Guimaraes, 1935, Ann. Fac. 

Med. S. Paulo (2) 11: 3, figs. 1-6. 

Material examined: 

19 males, 22 females from Aramus scolopaceus 
scolopaceus (Gmelin), (type host) Brazil, Boliva 
and Colombia. 

5 males, 2 females from Aramus scolopaceus 
pictus (F. A. A. Meyer), Florida. 

Head slender, with a wide hyaline margin. 
Antennae sexually dimorphic; first segments of 
the antennae of the male, enlarged and elongated, 
each with an appendage. Abdominal tergites 
II-VIII, in both sexes, interrupted medianly. 
Abdominal sternites III-VI in both sexes with 
five or six long setae on the posterior margins. 
Ventrally, in the female, the lateral margins of 
the ninth abdominal segment with seven heavy 
setae. Male genitalia as in figure 21. 


Measurements: Male 
Length of head... .. 0.57 mm 0.65 mm 
Width of head... 45 0.50 
Width of prothorax... 28 0.30 
Width of pterothorax. . 44 0.46 
Width of abdomen. . 50 0.64 
Total length........ , av 2.12 


Female 
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Rallicola ferrisi n. sp. 


Material examined: 

7 males, 9 females from Galbicrex 
(Gmelin), China and Formosa. 

Male: Head as in figure 26. Abdominal 
tergites II-III interrupted medianly, the re- 
mainder being transversely continuous. Para- 
tergal plates produced anteriorly, and each with 
two long and one short setae in each posterior 
lateral angle. Abdominal sternites III-VI each 
with nine long setae on the posterior margin. 
Male genitalia as in figure 22. 

Female: Antennae filiform, abdominal tergites 
II-VIII interrupted medianly. Chaetotaxy, ex- 
cept for the terminal abdominal segments as in 
the male. Terminal abdominal segments as in 
figure 44. 


Measurements: 


Length of head......... 
Width of head ea 
Width of prothorax... 
Width of pterothorax...... 
Width of abdomen ms 
Pe BEN i isis sexs cobs 


cinera 


Male Female 


. 0.54 mm 0.56 mm 
.. 0.42 0.48 

.. 0.29 0 

. 0.48 0 

0.57 0.5 

1.65 1 


This species is named for Dr. G. F. Ferris, 
Stanford University, the well-known authority on 
Anoplura and Mallophaga. Holotype male and 
allotype female are in the U. S. National Museum. 


Rallicola flavescens (Piaget) 
Oncophorus flavescens Piaget, 1885, Les 

Supplément, p. 37, pl. 4, fig. 7. 

Material examined: 

12 males, 29 females from Himantornis haemato- 
pus Hartlaub, (type host) West Africa. 

Head slender, with a wide hyaline margin. 
Antennae sexually dimorphic, first segments en- 
larged and elongated in the male, each with an 
appendage. Abdominal tergite II in the male, 
and II-VII in the female, interrupted medianly. 
Abdominal sternites III-VI in both sexes with 
six long setae on the posterior margins. Ven- 
trally, in the female, the lateral margins of the 
ninth abdominal segment with eighteen long 
setae. Male genitalia as in figure 18. 


Measurements: Male Female 


Length of head.............. 0.52 mm 0.52 mm 
Width of head si .. 0.42 45 
Width of prothorax.......... 0.27 27 
Width of pterothorax........ 0.4 44 
Width of abdomen . 0.55 56 
Total length ; he 62 


Pédiculines, 


Rallicola andinus Carriker 

Rallicola andinus Carriker, 1949, Rev. Brasil Biol., 9: 313, 

figs. 23-24. 

Material examined: 

5 males, 3 females from Ortygonax rytirhynchos 
tschudii (Chubb), (type host) Peru. 

11 males, 13 females from Ortygonax rytirhyn- 
chos rytirhynchos Vieillot, Brazil. 





A Review of the Genus Rallicola 
K. C. Emerson 


Rallicola spp.; Ventral view of the head, male, drawn to 3. 34. . wernecki n. sp. 

the same scale. 1G. 35. . ortgometrae bedfordi n. ssp. 
. hoogstraali n. sp. 
°. ortygometrae pratti n. ssp. 


Fic. 32. R. guimaraesi n. sp. 
Fic. 33. R. taylorin. sp. 
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Head long and wide, with a wide hyaline mar- 
gin. Antennae sexually dimorphic, first segments 
of the antennae of the male enlarged and elon- 
gated, each with a small appendage. Abdominal 
tergites II in the male, and II-VII in the female, 
interrupted medianly. Abdominal sternites III- 
VI in both sexes with five long setae on the 
posterior margins. Terminal abdominal seg- 
ments of the male (fig. 42) not characteristic. 
Male genitalia as in figure 5. 

Female 
Length of head . 0.438 mm 0.48 mm 
Width of head.... ‘ 38 0.39 
Width of prothorax. 22 0.24 
Width of pterothorax 33 0.36 


Width of abdomen... 0.42 0.45 
Total length... 1.19 1.41 


Measurements: Male 


Rallicola cuspidatus (Scopoli) 
Pediculus cuspidatus Scopoli, 1763, Ent. Carniolica, p. 385 


Material examined: 

1 male, 3 females from Rallus aquaticus aquati- 
cus Linnaeus, (type host) Germany. 

1 female from Rallus aquaticus indicus Blyth, 
Japan. 

Head slender, with a wide hyaline margin. 
Antennae sexually dimorphic, first segments of 
the antennae of the male enlarged and elongated, 
each with an appendage. Abdominal tergites 
II-V in the female, and II-III in the male, in- 
terrupted medianly. Abdominal sternites III-VI 
in both sexes with four or five medium-length setae 
on the posterior margins. Male genitalia as in 
figure 8. 

Male Female 
Length of head . 0.37 mm 0.42 mm 
Width of head.... 0.30 0.35 
Width of prothorax.. 0.19 22 
Width of pterothorax 0.27 30 
Width of abdomen.. 0.35 43 
Total length... 1.11 44 


Measurements: 


Rallicola elliotti n. sp. 


Material examined: 

12 males, 9 females from Jonornis martinica 
(Linnaeus), Panama, Tristan da Cunha, Maritius 
Island and Colombia. 

Male: Head as in figure 25. Abdominal 
tergite II interrupted medianly, the remainder 
being transversely continuous. Paratergal plates 
produced anteriorly and each with two long and 
one short setae in each posterior lateral angle. 
Fifth abdominal sternite with four long setae, 
the remainder with two long setae, on the poster- 
ior margins. Terminal abdominal segment ven- 
trally with eight medium-length setae on each 
lateral margin. Male genitalia as in figure 23. 

Female: Antennae filiform, abdominal tergites 
II-VI interrupted medianly. Fourth and fifth 
abdominal sternites with four long setae, the 
remainder with two long setae on the posterior 
margins. 


Annals Entomological Society of America 


[Vol. 48 


Female 


0.47 mm 
0.37 
0.23 
0.35 
0.52 
1.49 


Male 


0.45 mm 
. 0.33 


Measurements: 


Length of head... 
Width of head ; 
Width of prothorax.......... 0.22 
Width of pterothorax........ 0.33 
Width of abdomen........... 0.48 
Total length 1.27 


This species is named for one of the collectors, 
Mr. H. F. I. Elliott. Holotype male and allo- 
type female, from Panama, are in the British 
Museum (Natural History). 


Rallicola lugens (Giebel) 


Nirmus lubens Giebel, 1874, Insecta Epizoa, p.170. (type 
host, Porphyrio poliocephalus poliocephalus (Latham) ). 

Oncorphorus fallax Piaget, 1880, Lés Pediculines, p. 220, 
pl. 18, fig. 6. (type host, Porphyrio poltocephalus 
melanotus Temminck). 

Onchophorus subfallax Piaget, 1880, Lés Pediculines, p. 
221, pl. 18, fig. 7. (type host, Porphyrio poliocephalus 
palliatus Braggemann). 

Material examined: 

6 males, 4 females from Porphyrio poliocephalus 
poliocephalus (Latham), India. 

3 males, 1 female from Porphyrio poliocephalus 
indicus Horsfield, Borneo. 

2 males, 1 female from Porphyrio poliocephalus 
melanotus Temminck, Australia. 

1 male, 2 females from Porphyrio polioce- 
phalus mertoni Berlepsch, Great Key Island. 

Head slender, hyaline margin not extended. 

Antennae sexually dimorphic, the first antennal 

segments being enlarged and elongated in the 

male, each with an appendage. Abdominal 
tergites II in the male, and II-III in the female, 

interrupted medianly. Abdominal sternites III- 

VI in both sexes with twelve long setae on the 

posterior margins. Male genitalia as in figure 24. 


Male 
. 0.47 mm 


Female 
0.52 mm 


Measurements: 
Length of head... 2 
Wadth of head............... O@ 0.45 
Width of prothorax... .. 0.25 0.27 
Width of pterothorax. . . 0.4¥ 0.45 
Width of abdomen........... 0.50 0.63 
Total length Pi acest SR 1.80 


Rallicola mystax (Giebel) 


Nirmus intermedius Giebel, 1874, Insecta Epizoa, p. 169. 

Nirmus mystax Giebel, 1874, Insecta Epizoa, p. 301. 

Nomen novum for Nirmus intermedius Giebel, 1874, nec 
Nitzsch 1866. 


EXPLANATION OF PLATE VI 
Rallicola spp. 
Fic. 38. R. hoogstraali n. sp., male genitalia. 
Fic. 39. R. carrikeri n. sp., male, ventral view of head. 
Fic. 40. R. carrikeri n. sp., male genitalia. 
Fic. 41. R. carrikeri n. sp., male, ventral view of 
terminal abdominal segments. 
R. andinus Carriker, male, ventral view of 
terminal abdominal segments. 
R. hoogstraali n. sp., female, ventral view of 
terminal abdominal segments. 
R. ferrisi n. sp., female, ventral view of term- 
inal abdominal segments. 


Fic. 42. 
Fic. 43. 
Fic. 44. 
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Material examined: 

1 male, 1 female from Porzana porzana (Linna- 
eus), (type host) Macedonia. 

Head long and slender with a wide hyaline 
margin. Antennae sexually dimorphic, first seg- 
ments in the antennae of the male enlarged and 
elongated, each with an appendage. Abdominal 
tergite II may be divided, remainder trans- 
versely continuous in both sexes. Abdominal 
sternites III-VI with four long setae on the pos- 
terior margins. Male genitalia as in figure 19. 


Male Female 


0.37 mm 0.40 mm 
. 0.32 35 
0.18 21 
0.27 30 
0.41 47 
1.30 


Measurements: 
Length of head.. 
Width of head 
Width of prothorax... 
Width of pterothorax 
Width of abdomen. 
Total length...... 1.30 


Rallicola zumpti (Kéler) 


Parricola sumpti Kéler, 1951, Z. Parasitenk., 15: 47, 


figs. 7-11. 

Material examined: 

5 males, 3 females from A/lantisia rogersi Lowe, 
Inaccessible Island. 

Head long and slender with a wide hyaline 
margin. Antennae sexually dimorphic, first seg- 
ments of the antennae of the male, enlarged and 
elongated, each with an appendage. Abdominal 
tergites II-III in both sexes interrupted medianly. 
Abdominal sternites III-VI in both sexes with 
four long setae on the posterior margins. Male 
genitalia as in figure 20. 

Male Female 
Length of head 42 mm 45 mm 
Width of head..... 35 37 
Width of prothorax... 21 22 
Width of pterothorax 33 33 


Width of abdomen... 50 50 
Total length.. 27 38 


Measurements: 


Rallicola carrikeri n. sp. 


Material examined: 

4 males, 5 females from 
brunnescens Todd, Colombia. 

Male: Head as in figure 39. Abdominal 
tergites II-III interrupted medianly. Tergites 
IV-V partly divided. Paratergal plates narrow 
and heavily chitinized; produced anteriorly. 
Abdominal sternites III-VI with four long setae 
on the posterior margins. Terminal abdominal 
segments as in figure 41. Male genitalia as in 
figure 40. 

Female: Antennae filiform, abdominal tergites 
II-VIII interrupted medianly. Chaetotaxy, ex- 
cept for the terminal abdominal segments, as in 
the male. 


Laterallus viridis 


Male Female 


Length of head 42 mm 42 mm 
Width of head 38 38 
Width of prothorax.. 22 23 
Width of pterothorax . 0.36 36 
Width of abdomen.... 46 52 
Total length Fai 78 88 


Measurements: 
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This species is named for Mr. M. A. Carriker, 
the well-known Mallophaga specialist, who col- 
lected the series. Holotype male and allotype 
female are in the collection of Mr. M. A. Carriker. 


Rallicola gracilis (Piaget) 
Docophorus gracilis Piaget, 1871, Tijdschr. Ent., 14: 120, 
pl. 6, fig. 5. (host unknown). 
Docophorus dubius Piaget, 1880, Les Pédiculines, p. 120, 
pl. 10, fig. 8. (host unknown). 

Miss Clay has furnished the following informa- 
tion concerning the type. Rallicola gracilis is 
probably based on the same specimen, a female, 
as Rallicola dubius: the specimen in the British 
Museum (Natural History) is labelled with the 
latter name. The female has three genital 
setae on the tubercle on each side, which easily 
separates it from the other known species in 
the genus. Abdominal sternites III-VI with ten 
to twelve medium-length setae, the three outer 
setae on each side are separated from the median 
group. Abdominal tergites II-VII and probably 
VIII are interrupted medianly. Length of head, 
0.55 mm, and width of head, 0.48 mm. 


Rallicola porzanae (Piaget) 

Oncophorus porzanae Piaget, 1880, Les Pédiculines, p. 218. 
(type host: Coturniceps noveboracensis noveboracensis 
Gmelin). 

Miss Clay has kindly furnished the following 
information concerning the type. Abdominal 
tergites II-VIII interrupted medianly. Abdom- 
inal sternites III-VI with four to six medium- 
length setae. Length of head, 0.55 mm, width 
of head, 0.43mm. With only the type, a female, 
it is impossible to place this species in the key. 


Rallicola sarothurae Clay 
Rallicola sarothurae Clay, 1953, Proc. Zool. Soc. London, 
123: 583, figs. 19, 31-35. (type host: Sarothurra antonii 
Madarasz and Newmann). 


This species has been well-illustrated by Miss 
Clay. The male genitalia do not resemble any 
other known in the genus. 
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PRELIMINARY STUDIES OF THE HYDRACARINA OF MICHIGAN: 
THE SUBFAMILY FORELIINAE VIETS (ACARINA: PIONIDAE)! 


DAVID R. COOK 
Department of Biology, Wayne University, Detroit, Michigan 


This paper? is the first of a series dealing with 
the subfamilies of the Pionidae of Michigan. The 
present work, although treating primarily the 
Michigan fauna, includes all the known North 
American species. The subfamily Foreliinae is 
small, with only two described genera, both of 
which are present in Michigan. Members of 
the genus Forelia are mostly holarctic in dis- 
tribution, but have also been reported from 
Africa. The genus Pseudofeliria, formerly known 
only from Europe, is now reported from North 
America for the first time. 

Prior to the work of Habeeb (1954a, 1954b) 
there were only two described species of Forelia 
known from North America. Habeeb erected 
five species, two of which appear to be synonyms 
of F. ovalis Marshall. Although types were not 
designated or specimens deposited in museums, 
the author was able, through the kindness of 
Dr. Habeeb, to secure the loan of named speci- 
mens for comparison. 

The strong sexual dimorphism in males belong- 
ing to this subfamily produces excellent characters 
upon which species diagnoses may be based. One 
of the best of these characters is the highly 
modified fourth leg. Unfortunately, it is almost 
impossible to orient the legs in exactly the same 
way in all specimens which, on casual observation, 
may lead to apparent differences in both pro- 
portions and chaetotaxy. This should be kept 
in mind when comparisons are made with 
figures of the fourth leg included in this paper. 


'Contribution from the Department of Biology, Wayne 
University and the University of Michigan Biological 
Station. 

2Appreciation is expressed to the editor for permission 
to revise this manuscript (originally submitted in 1953) 


to avoid the needless creation of synonyms. Data on 
specimens collected during the Summer of 1954 have 
also been included. 


Subfamily Foreliinae Viets 

Viets, 1926. Zool. Anz., 69: 198. 

Subfamily Diagnosis; Integument thin or with 
a tendency to form areas of secondary sclerotiza- 
tion; fourth palpal segment with hair tubercles 
on the ventral side and a small projection at 
the distal end; legs with or without swimming 
hairs; median margin of fourth coxae reduced 
to a median angle; with six to many genital 
acetabula on each side; 1V-Leg-6 of male strongly 
modified, with two to twelve peg-like setae. 


Genus Forelia Haller 


Haller, 1882. Mitt. Naturf. Ges. Bern, 18: 58. 


Generotype: Forelia liliacea (Muller) 

Generic Diagnosis: Integument thin or with 
areas of secondary sclerotization; swimming 
hairs present on second, third and fourth pairs of 
legs; posterior margins of fourth coxae pointed 
in females; without a projection on the ventral 
side of the second palpal segment. 


Subgenus Forelia Haller 


Subgeneric Diagnosis; IV-Leg-4 of males with 
little, if any, sexual dimorphism; posterior mar- 
gins of fourth coxae pointed or only slightly 
rounded in males; projection at distal end of 
fourth palpal segment small. 


Forelia (Forelia) ovalis Marshall 
Figs. 33-36, 38-41, 43-45 

F. ovalis Marshall, 1929. Univ. Toronto Stud., Biol. Ser., 
No. 33: 78. 

F. scutator Habeeb, 1954. 
1. (new synonymy). 

F. millburniana Habeeb, 1954. 
No. 3:4 (new synonymy). 
Male: Length of body 0.54-0.67 mm.; width 

of body 0.42—-0.48 mm.; body bluntly pointed at 


Leaflets Acadian Biol., No. 3: 


Leaflets Acadian Biol., 





300 


posterior end; integument soft; dorsum with a 
single sclerotized plate of variable size (Figures 35, 
40, 44, and 45 show known range of variation of 
this plate); length of dorsal plate 0.31-0.53 mm., 
width of plate 0.22-0.30 mm.; fourth coxae 
touching each other; median apodemes of third 
coxae incomplete; acetabular plates narrow, with 
four rows of acetabula; 26-38 genital acetabula 
on each side; acetabular plates extending just 
slightly beyond posterior corners of fourth 
coxae; variable amount of secondary sclerotiza- 
tion present posterior to genital field, this sclero- 
tization occasionally fused with the genital 
field and excretory pore. 

Length of III-Leg-5, 0.184-0.212 mm.; length 
of III-Leg-6, 0.116-0.156 mm.; claws of third 
leg normal; IV-Leg-6 strongly modified, with 
seven to nine distally placed, peg-like setae; 
typically with three (occasionally two) peg-like 
setae at base of this segment; the three basal 
peg-like setae approximately same length; claws 
of fourth leg inserted subapically. Dorsal lengths, 
in millimeters, of the palpal segments: P-I, 
0.028-0.035 mm.; P-II, 0.092-0.112 mm.; P-III, 
0.043-0.052 mm; P-IV, 0.084-0.107 mm.; P-V, 
0.037—0.050 mm. 

Female: Length of body 0.64-0.83 mm; width 
of body 0.49-0.57 mm; body rounded, integument 
soft; dorsum with one pair of sclerotized plates, 
these 0.057-0.118 mm. in length, 0.026—0.033 mm. 
in width; acetabular plates extending even with or 
just slightly beyond posterior corners of fourth 
coxae; acetabular plates separate, with 22-38 
genital acetabula on each side, these arranged in 
four irregular rows; I-Leg-6 slightly expanded at 
distal end, length of this segment 0.120-0.154 
mm.; occasionally claw socket of I-Leg-6 everted, 
producing the humped condition shown in 
figure 38. 

Range: In Michigan, specimens have been col- 
lected at Hook Point, Douglas Lake, Cheboygan 
Co. (T36N/R3W/S22) and Barton Pond, Wash- 
tenaw Co. (T2S/R6E/S7). This species has also 
been collected in Ontario and New Jersey. 

Habitat: Most commonly found in lakes, but 
also taken in permanent ponds. Specimens have 
been collected from depths of over 15 feet in 
Douglas Lake, Michigan. 

Remarks: F. ovalis, and the following two 
species, F. cursor Habeeb and F. liliacea americana 
n. ssp., form a group of related species which are 
characterized as follows: In the males, IV-Leg-5 
is short and swollen; IV-Leg-6 possesses a group 
of six to eight distally placed, peg-like setae 
and a group of two or three peg-like setae near 
the base of the segment. The females have a 
large number of genital acetabula and I-Leg-6 
is only slightly shortened and swollen. Males of 
ovalis differ from males of the other species in 
this group in possessing a single dorsal plate, and 
having the acetabular plates extending only 
slightly beyond the corners of the fourth coxae. 
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There is a considerable variation in the size of 
the dorsal plate. Figures 35 and 40 show the 
extremes of variation found in the Barton Pond 
population. Specimens from this locality never 
have dorsoglandularia incorporated into the plate. 
Specimens from Douglas Lake had two, one, or 
no pairs of dorsoglandularia on the back plate. 
Figure 45 shows the very extensive back plate 
found in a specimen from Ontario. In certain 
of the Barton Pond individuals (Fig. 40), some 
suggestion of the three pairs of plates, similar to 
those of F. cursor Habeeb and F. liliacea americana 
n. ssp., may be seen. It is therefore possible 
that in the future, individuals from other popula- 
tions may be found which have three pairs of 
smaller plates, rather than one large plate. 
Even in such a case, the structure of the acetabu- 
lar plates will serve to separate this species from 
all others. Females of the present species differ 
from females of F. cursor and F. liliacea americana 
in possessing much shorter acetabular plates. 
These plates project slightly, if at all, beyond 
the posterior corners of the fourth coxae. Fe- 
males of ovalis resemble some of the European 
species, such as F. triangularis (Piersig, 1896), 
in this respect. Occasionally females of the 
present species will have the claw socket at the 
tip of I-Leg-6 everted as shown in figure 38. A 
similar artifact is probably responsible for the 
establishment of the European species F. gib- 
beripes (Protz, 1900). The fact that males of 
gibberipes have never been found would also sug- 
gest that it is not a valid species. 


Forelia (Forelia) cursor Habeeb 
Figs. 1-5, 9-11 
F. cursor Habeeb, 1954. Leaflets Acadian Biol., No. 3: 4. 


Male: Length of body 0.49-0.60 mm., width of 





EXPLANATION OF PLATE I 
Forelia cursor Habeeb, ventral view, male. 
F. cursor Habeeb, dorsal plates, male. 
F. cursor Habeeb, dorsal plates, female. 
F. cursor Habeeb, ventral view, female. 
F. cursor Habeeb, end segments of third leg, 


Fic. 
Fic. 
Fic. é 
Fic. 
Fic. 
male. 
FIG. F. liliacea americana n. ssp., palp, male. 
Fic. 7. F. liliacea americana n. ssp., end segments of 
first leg, female. 
Fic. 8. F. liliacea americana n. ssp., end segments of 
third leg, male. 
Fic. 9. F. cursor Habeeb, end segments of first leg, 
female. 
Fic. 10. 
Fic. 11. 
leg, male. 
Fic. 12. F. liliacea americana n. 
of fourth leg, male. 
Fic. 13. F. liliacea americana n. 


F. cursor Habeeb, palp, male. 
F. cursor Habeeb, end segments of fourth 


ssp., end segments 
ssp., ventral view, 
F. liliacea americana n. ssp., dorsal plates, 
dorsal plates, 


F. liliacea americana n. ssp., 


F. liliacea americana n. ssp., ventral view, 


female. 
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body 0.38-0.42 mm.; body bluntly pointed at 
posterior end; integument soft, dorsum with 
three pairs of sclerotized plates; anterior pair 
0.072-0.095 mm. in length, 0.039-0.056 mm. 
in width; lateral pair 0.035-0.051 mm. in length, 
0.028-0.047 mm. in width; posterior pair 0.059- 
0.102 mm. in length, 0.028-0.035 mm. in width; 
lateral plates occasionally fused with anterior 
plates; fourth coxae not touching each other; 
median apodemes of third coxae incomplete; 
acetabular plates broad, with five or six rows of 
acetabula at widest point; 31—54 genital acetabula 
on each side; extensive area near midline free of 
acetabula; genital opening at anterior end of the 
fused acetabular plates; acetabular plates ex- 
tending even with or beyond the somewhat 
rounded corners of the fourth pair of coxae; a 
variable amount of secondary sclerotization 
present in the median line just posterior to the 
genital field. 

Length of III-Leg-5, 0.184—0.202 mm; length 
of III-Leg-6, 0.172-0.188 mm.; III-Leg-6 ex- 
panded at distal end, one of the claws enlarged and 
pointing outwards, other claw normal; swimming 
hairs well developed; IV-Leg-6 strongly modified, 
with seven (occasionally eight) distally placed, 
peg-like setae; three peg-like setae located on a 
protubrance at base of the sixth segment, two 
of these pegs long and the other much shorter; 
tip of sixth segment tapering to a blunt point, 
claws inserted subapically. Dorsal lengths of 
the palpal segments as follows: P-I, 0.032—0.035 
mm.:; P-II, 0.099-0.108 mm.; P-III, 0.056-0.061 
mm.; P-IV, 0.092-0.100 mm.; P-V, 0.051-0.059 
mm. 

Female: Length of body 0.70-0.77 mm., width 
of body 0.52-0.58 mm.; body rounded; integu- 
ment soft, dorsum with one pair of sclerotized 
plates, these plates 0.080-0.102 mm. in length, 
0.039-0.044 mm. in width; acetabular plates 
separate, bearing 50-60 genital acetabula on 
each side; acetabula roughly arranged into five 
or six rows: I-Leg-6 moderately expanded near 
distal end, length of this segment 0.140—0.150 mm. 

Range: Known from widely scattered localities 
in the lower peninsula of Michigan. Habeeb 
reported this species from a pond in New Jersey. 

Habitat: The author has taken this species 
most commonly in ponds and the shallow, weedy 
areas of lakes. However, it is occasionally col- 
lected in fairly deep water. 

Remarks: Males of F. cursor may be separated 
from males of other species of Forelia by the 
greater number of genital acetabula, which are 
arranged in five or six rows, and the modification 
of one of the claws of III-Leg-6. Females of 
cursor may be set off from all but F. Jiliacea 
americana by the fact that the acetabular plates 
extend well beyond the posterior corners of 
the fourth coxae. F. cursor females differ from 
the latter in having a greater number of acetabula, 
larger dorsal plates, and a more swollen I-Leg-6. 
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Forelia (Forelia) liliacea americana n. ssp. 
Figs. 6-8, 12-16 
F. ovalis Habeeb, 1954. Leaflets Acadian Biol., No. 3: 4. 


Male: Length of body 0.45-0.53 mm.; width 
of body 0.36-0.39 mm; body bluntly pointed at 
posterior end; integument soft, dorsum with 
three pairs of sclerotized plates; anterior pair 
0.059-0.068 mm. in length, 0.020-0.033 mm. in 
width; lateral pair 0.019-0.026 mm. in length, 
0.012-0.028 mm. in width; posterior pair 0.052- 
0.072 mm. in length, 0.023-0.037 mm. in width; 
inner margins of fourth coxae touching each 
other; median apodemes of third coxae incom- 
plete; acetabular plates comparatively narrow, 
with three or four irregular rows of acetabula at 
widest point, with 22-31 genital acetabula on 
each side; genital opening near middle of the 
fused acetabular plates; acetabular plates extend- 
ing beyond posterior corners of the fourth coxae; 
secondary sclerotization in the genital region 
usually consisting of two small areas on either 
side of the median line which are fused to the 
acetabular plates and a median patch in front 
of the excretory pore; occasionally all three of 
these patches fused together along with the 
excretory pore. One specimen in the author’s 
collection lacked the secondary sclerotization al- 
together, thereby resembling typical F. liliacea 
liliacea. 

Length of III-Leg-5, 0.144-0.160 mm.; length 
of III-Leg-6, 0.099-0.116 mm.; claws of third leg 
normal; I[V-Leg-6 greatly modified, with six to 
eight distally placed, peg-like setae; typically 
with two long peg-like setae at the base of the 
sixth segment (in some individuals there were 
three); the most proximally placed of the smaller 
peg-like setae variable in position, sometimes 
closer to the basal pair, sometimes closer to the 
distal group; tip of sixth segment more or less 
truncate, claws inserted at tip. Dorsal lengths 
of the palpal segments: P-I, 0.023-0.028 mm.; 
P-II, 0.080-0.089 mm.; P-III, 0.039-0.049 mm. ; 
P-IV, 0.076-0.085 mm.; P-V, 0.036-0.040 mm. 


EXPLANATION OF PLATE II 
Forelia borealis Habeeb, ventral view, male. 
F. borealis Habeeb, dorsal plates, male. 
F. borealis Habeeb, dorsal plates, female. 
F. borealis Habeeb, ventral view, female. 
F. borealis Habeeb, end segments of third 


Fic. 17. 
Fic. 18. 
Fic. 19. 
Fic. 20. 
Fic. 21. 
leg, male. 
Fic. 22. 
leg, male. 
Fic. 23. 
Fic. 24. 
Fic. 25. 
leg, female. 
Fic. 26. 


F. siegasiana Habeeb, end segments of third 


F. borealis Habeeb, fourth leg, male. 
Forelia sp., end segments of first leg, female. 
F. borealis Habeeb, end segments of first 


F. siegasiana Habeeb, fourth leg, male. 
Forelia sp., dorsal plates, female. 

F. siegastana Habeeb, palp, male. 

F. borealis Habeeb, palp, male. 

F. siegasiana Habeeb, ventral shield, male. 
F. stegasiana Habeeb, dorsal plate, male. 
Forelia sp., ventral view, female. 


Fic. ; 
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Female: Length of body 0.48-0.61 mm.; width 
of body 0.41-0.46 mm.; body rounded, integu- 
ment soft; dorsum with one pair of sclerotized 
plates, 0.047-0.064 mm. in length, 0.018—0.028 
mm. in width; acetabular plates much longer 
than wide, extending well beyond the posterior 
corners of the fourth coxae; acetabular plates 
separated, with 32-43 genital acetabula on each 
side; acetabula arranged in four or five irregular 
rows; I-Leg-6 only slightly expanded at distal 
end, length of this segment 0.128-0.148 mm. 

Types: Holotype, adult male, Crooked Lake, 
Barry Co., Michigan (T1N/R10W/S11), June 
16, 1951. Allotype, adult female, same data as 
holotype. Paratypes, 14 males, 25 females, same 
data as holotype; five males, Barton Pond, 
Washtenaw Co., Michigan (T2S/R6E/S7), June 
5, 1951; four males, one female, Douglas Lake, 
Cheboygan Co., Michigan (T37N/R3W/S22) 
June 30, 1951 to July 1, 1952; one male, Twin 
Lakes, Itasca State Park, Minnesota, June 22, 
1954; two males, one female, McWinnegar’s 
Slough, Flathead Co., Montana, July 2 to July 
14, 1954. 

Range: In Michigan this species has been 
collected in widely scattered localities in the 
lower peninsula. F. liliacea americana is also 
known from Minnesota, Montana and New 
Brunswick, Canada. The latter record is based 
on a specimen misidentified as F. ovalis Marshall 
by Habeeb (1954b), who apparently did not 
check Marshall’s type of ovalis. 

Habitat: Lakes and permanent ponds. Like 
F. cursor, this species seems to be most common 
in permanent ponds or the shallow parts of lakes. 
However, specimens have been taken at a depth 
of eight feet at Hook Point, Douglas Lake, Mich- 
igan. 

Remarks: Forelia liliacea americana differs from 
the European subspecies, F. liliacea liliacea (O. F. 
Muller) in that males of the new subspecies gener- 
ally have extensive areas of secondary sclerotiza- 
tion at the posterior end of the acetabular plates. 
Also there are generally two long peg-like setae 
at the base of IV-Leg-6, although in a few speci- 
mens examined three of these setae were present. 
Specimens of the European subspecies, kindly 
supplied the author by Dr. Karl Viets and Prof. 
O. Lundblad, have little or no secondary sclero- 
tization in the region of the genital field and there 
were three long setae and the base of IV-Leg-6. 
Males of F. liliacea americana may be separated 
from males of F. cursor by the fewer genital 
acetabula, truncate tip of IV-Leg-6, and much 
shorter III-Leg-6 of the former. Females of the 
new subspecies differ from females of cursor in 
having fewer genital acetabula and having I- 
Leg-6 only slightly expanded. The author has 
in his collection a single male specimen taken in 
Lancaster Lake, Cheboygan Co., Michigan (T37N 
R3W/S8) which completely lacks secondary 
sclerotization in the region of the acetabular 
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plates but has only two long setae at the base of 
IV-Leg-6. 


Forelia (Forelia) siegasiana Habeeb 
Figs. 22, 26, 28, 30, 31 
F. siegasiana Habeeb, 1954. Leaflets 

Noveris. 

Male: Length of ventral shield 0.49-0.56 mm. ; 
width of ventral shield 0.42—0.46 mm.; body 
rounded, secondary sclerotization on ventral side 
extensive; dorsum with a large dorsal plate (dorsal 
shield), length of this plate 0.56-0.63 mm., 
width 0.37—-0.42 mm.; median apodemes of third 
coxae incomplete; acetabular plates, excretory 
pore, and one pair of ventroglandularia incor- 
porated in the secondary sclerotization; 19-26 
genital acetabula on each side, most of these 
acetabula arranged in a circle about the largest 
acetabula; dorsal plate typically with five pairs 
of dorsoglandularia, two pairs of lateroglandu- 
laria and the pre- and postocularia included in it. 

Length of III-Leg-5, 0.167-0.184 mm. ; length of 
III-Leg-6, 0.148-0.168 mm.; claws of third leg 
normal; IV-Leg-6 only slightly bent, with two 
peg-like setae, these inserted nearest proximal 
end of segment; IV-Leg-4 with a long, blade-like 
seta inserted near middle. Palps similar to those 
of F. ligulifera (Piersig, 1897); dorsal lengths, 
in millimeters, of the palpal segments as follows: 
P-I, 0.028-0.35 mm.; P-II, 0.103-0.116 mm.; 
P-III, 0.048-0.055 mm.; P-IV, 0.095-0.104 mm. ; 
P-V 0.052-0.061 mm. 

Female: Unknown. 

Range: The author has specimens of this 
species collected in Douglas Lake, Cheboygan 
Co., Michigan (T27/R3W/S22) by Frank E. 
Hooper on July 24, 1951. In the Marshall 
Collection of the Chicago Natural History 
Museum is a single male specimen of F. siegasiana 
taken by Robert Wolcott in South Lake, High 
Island Harbor, Lake Michigan on August 19, 
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EXPLANATION OF PLATE III 
Forelia ovalis Marshall, ventral view, male. 
F. ovalis Marshall, dorsal plates, female. 
F. ovalis Marshall, dorsal plate, male. 
Fic. 36. F. ovalis Marshall, ventral view, female. 
Fic. 37. Pseudofeltria multipora n. sp., end segments 
of first leg, female. 
Fic. 38. Forelia ovalis Marshall, sixth segment of 
first leg showing everted claw socket, female. 
Fic. 39. F. ovalis Marshall, palp, male. 
Fic. 40. F. ovalis Marshall, dorsal plate, male. 
Fic. 41. F. ovalis Marshall, end segments of first 
leg, female. 
Fic. 42. Pseudofeltria multipora n. sp., palp, female. 
Fic. 43. Forelia ovalis Marshall, end segments of 
fourth leg, male. 
Fic. 44. F. ovalis Marshall, dorsal plate, male. 
Fic. 45. F. ovalis Marshall, dorsal plate, male. 
Fic. 46. Pseudofeltria multipora n. sp., ventral view, 
female. 


Fic. 47. 


Fic: 33. 
Fic. 34. 
Fic. 35. 


P. multipora n. sp., dorsal view, female. 
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1894. Habeeb (1954b) collected this species in 
New Jersey and New Brunswick, Canada. 

Habitat: All specimens from Douglas Lake 
came from depths of nine to 28 feet. Habeeb 
reported siegasiana from ponds. 

Remarks: The present species is very closely 
related to the European species F. ligulifera 
(Piersig, 1897). The palps and fourth legs are 
almost identical. The greatest difference be- 
tween the two species lies in the extreme degree 
of secondary sclerotization found in F. siegasiana. 
In ligulifera, there are small paired plates on the 
dorsum, and the acetabular plates and excretory 
pore lie free in the integument. In siegasiana 
there is a single, very large dorsal plate and the 
acetabular plates and excretory pore are united 
with the ventral shield. 


Forelia sp. 
Figs. 24, 27, 32 


Female: Length of body 0.52-0.60 mm.; width 
of body 0.40-0.45 mm. ; body rounded, integument 
soft; dorsum with three pairs of small plates 
(Fig. 27), largest of these plates 0.052-0.061 mm. 
in length, 0.032-0.045 mm. in width; acetabular 
plates not extending beyond posterior corners of 
the fourth coxae; acetabular plates separate, with 
8-13 genital acetabula on each side; I-Leg-6 
greatly expanded, length of this segment 0.084- 
0.098 mm. 

Range: Known only from Barton Pond, Wash- 
tenaw Co., Michigan and Douglas Lake, Che- 
boygan Co., Michigan. 

Habitat: Collected in lakes. 

Remarks: It is possible that these specimens 
are the females of the preceding species, F. 
siegasiana. Both possess few genital acetabula 
and have I-Leg-6 greatly expanded. However, 
in Barton Pond, where females of the present 
species were very abundant in early summer, 
males of siegasiana were never taken. In fact, 
no males were taken that could be associated 
with the present species. It is possible that 
males remained in the deeper waters of the pond, 
with only the females coming into the shallower 
parts to lay their eggs. In Douglas Lake, these 
females have been taken in deep water only. 
The present species deposits a small number, 
usually five to eight, of rather large eggs (0.13- 
0.15 mm. in diameter). These mites are unusual 
in that the young emerge from the eggs as nymphs 
rather than larvae, thereby eliminating the para- 
sitic stage. 

A collection made in a small pool in a sphagnum 
bog in Barry Co., Michigan turned up a single 
female specimen of another species of Forelia. 
It resembles somewhat the previously described 
female in general shape of the coxae, in the 
acetabular plates, and in the possession of three 
pairs of back plates. It differs however, in 
having smaller genital acetabula and a longer 
and thinner I-Leg-6. It closely resembles the 
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European species, F. variegator (Koch, 1837). 
However, until males of this species are found, 
its identity remains in doubt. 


Subgenus Madawaska Habeeb 
Habeeb, H., 1954. Leaflets Acadian Biol., No. 2: 10 


Subgenerotype: Madawaska borealis Habeeb. 

Subgeneric Diagnosis: I1V-Leg-4 of males ex- 
hibiting strong sexuel dimorphism; posterior 
margins of fourth coxae rounded in males; projec- 
tion at distal end of fourth palpal segment rela- 
tively large in both sexes. 


Forelia (Madawaska) borealis (Habeeb) 
Figs. 17-21, 23, 25, 29 
Habeeb, 1954. 


Madawaska_ borealis Leaflets Acadian 


Biol., No. 2: 10. 

Male: Length of body 0.42-0.50 mm.; width 
of body 0.33-0.40 mm.; body rounded at posterior 
end; ventral side completely sclerotized; integu- 
ment of the dorsum soft, with a series of small 
plates (Fig. 18); length of the anterior plate 
0.076-0.084 mm., width 0.063-0.069 mm.; one 
pair of dorsoglandularia lying on the anterior 
plate; posterior plates very small; fourth coxae 
touching each other; posterior corners of fourth 
coxae rounded; median apodemes of third coxae 
incomplete; fourth coxae with incomplete apo- 
demes beginning near the middle of the median 
margin and proceeding diagonally towards sockets 
of fourth legs; acetabular plates incorporated 
into the secondary sclerotization; seven to eleven 
genital acetabula on each side. 

Length of III-Leg-5, 0.128-0.172 mm.; length 
of III-Leg-6, 0.120-0.148 mm.; claws of third leg 
normal; IV-Leg-4 with inner side produced beyond 
insertion of I V-Leg-5, with four partially fused setae 
at the distal end of the segment; IV-Leg-6 slightly 
curved, typically with four (occasionally three) 
peg-like setae near the middle; claws somewhat 
modified; blade-like seta present at the distal end 
of IV-Leg-3; Palp with a well developed projec- 
tion at the distal end of the fourth segment 
(similar to that found in the Tiphysinae); dorsal 
lengths of the palpal segments: P-I, 0.028-0.031 
mm.; P-II, 0.099-0.108 mm.; P-III, 0.048-0.053 
mm.; P-IV, 0.098-0.105 mm.; P-V, 0.036- 
0.039 mm. 

Female: Length of body 0.52—0.82 mm.; width 
of body 0.52-0.58 mm.; body rounded, integu- 
ment soft; dorsum with one pair of sclerotized 
plates, 0.071-0.076 mm. in length, 0.024—0.029 
mm. in width; acetabular plates short, not extend- 
ing to the posterior corners of the fourth coxae; 
acetabular plates separate, with six to nine 
genital acetabula on each side; I-Leg-6 greatly 
inflated, length of this segment 0.120—-0.152 mm.; 
fourth coxae much longer than wide. 

Range: F. borealis has been collected at the 
following localities in Michigan: Eight males, 





1955] Cook: 
two females, Hann’s Pond, Washtenaw Co., 
Michigan (T1S/R5E/S6), on September 18, 1951; 
five females, Douglas Lake, Cheboygan Co., 
Michigan (T36N/R3W/S22), June 18 to July 1, 
1952; one male, one female, Head Lake, Barry 
Co., Michigan (T2N/R9W/S9), September 19, 
1949; one male, collected by Robert Wolcott in 
South Lake, High Island Harbor, Lake Michigan, 
August 19, 1894. Forelia borealis is also known 
from New Jersey, Ontario, and New Brunswick. 

Habitat: Lakes and ponds. Most of the 
author’s specimens came from a small lake in 
which the dominant vegetation was Chara. 

Remarks: Males of F. borealis may be dis- 
tinguished from all other species of Forelia by 
the pronounced modification of IV-Leg-4. The 
present species also differs in possessing fewer 
genital acetabula. Females of borealis may be 
separated from females of other species by the long 
narrow fourth coxae and the fewer genital 
acetabula. 


Genus Pseudofeltria Soar 
Soar, C., 1904. J. Quekett Micros. Club, Ser. 2, 9: 105. 


Generotype: Pseudofeltria scourfieldi Soar. 

Generic Diagnosis: Integument with extensive 
secondary sclerotization in males, thin or heavily 
sclerotized in females; swimming hairs absent; 


posterior margins of fourth coxae rounded in 


females; a projection present on the ventral side 
of the second palpal segment in males (also 
females of the known North American species). 


Pseudofeltria multipora n. sp. 
Figs. 37, 42, 46, 47 

Female: Length of ventral shield 0.58—0.61 
mm.; width of ventral shield 0.52-0.56 mm.; 
body rounded, secondary sclerotization extensive; 
dorsum with a large plate, 0.61-0.68 mm. in 
length, 0.45-0.47 mm. in width; five pairs of dor- 
soglandularia lying on the -back plate, these 
laterally placed; fourth coxae not touching each 
other; poste1ior corners of fourth coxae rounded; 
acetabular plates and excretory pore enclosed in 
secondary sclerotization of the ventral side; 
19-27 genital acetabula on each side; genital 
opening large, 0.164-0.176 mm. in length; ventro- 
glandularia lying free in the integument posterior 
to the genital field. 
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I-Leg-6 shortened and inflated, length of this 
segment 0.108—0.123 mm.; swimming hairs ab- 
sent. Palp with a projection on the ventral side 
of the second segment; few setae present on palp; 
dorsal lengths, in millimeters, of the palpal 
segments: P-I, 0.039-0.044 mm. ; P-II, 0.108—0.116 
mm.; P-III, 0.047-0.457 mm.; P-IV, 0.099 
0.109 mm.; P-V, 0.040—-0.044 mm. 

Male: Unknown. 

Types: Holotype, adult female, collected in a 
spring at the base of the Maple River Dam, 
Emmet Co., Michigan (T36N/R4W/S10), June 
17, 1952. Paratypes, pee females, same _ lo- 
cality, June 23, 1951 to August 16, 1952. The 
holotype will be placed in the Chicago Natural 
History Museum, a pz wratype in the United States 
National Museum. : 

Range: Known only from the type locality. 

Habitat: Cold spring (temperature 10.5° C.) 

Remarks: Females of P. multipora differ from 
females of the European species in having a 
much larger number of genital acetabula and 
having the acetabular plates and genital opening 
incorporated into the secondary sclerotization of 
the ventral side. The amount of secondary 
sclerotization in the present species approaches 
that found in males of the European species. 
Also there is a projection on the ventral side of 
the second palpal segment, a condition found 
only in males of the other species. 
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EFFECT OF SEASON, TEMPERATURE, AND FOOD ON THE MOVEMENT 
OF THE SUGAR-BEET WIREWORM!' 


M. W. STONE anp F. B. FOLEY, U.S. D. A., Agr. Res. Serv., Entomology Research Branch 


Although rapid progress has been made in 
studies on the behavior of wireworms, many 
questions still remain unanswered. One in par- 
ticular is the question of how wireworms locate 
their food. In lima bean fields it is common to 
find large numbers alongside the seed beans 
within 3 days after planting, and by the seventh 
day as many as 14 sugar-beet wireworms have 
been recovered per foot of row. Their ability to 
locate food quickly, even when the soil has been 
stirred repeatedly to a depth of at least 8 inches 
and packed prior to planting, has baffled en- 
tomologists. 

A knowledge of the movement of wireworms is 
essential in the development of a practical field 
method of control. For example, in the appli- 
cation of soil fumigants it is important to know 
the effect of season and temperature on the 
position of the wireworms in the soil. Studies 
on the effect of season, temperature, and the 
presence of food on the movement of wireworms 
were conducted at Ventura, Calif., during 1948, 
1949, and 1950. 


PREVIOUS STUDIES 

Graf (1914) reported that larvae of Limonius 
californicus are able to locate food a short distance 
away. Thorpe et al. (1947) devised equipment 
for testing plant extracts in an effort to determine 
the food-finding and feeding behavior of the 
wireworms A griotes sputator (L.) A. obscurus (L.), 
and A. lineatus (L.). They concluded that the 
movement of wireworms through the soil was a 
random one, and that advantage was taken of 
the burrows made by the growing roots or by 
the elimination of the small rootlets by the 
living plant. They found that these wireworms 
were extremely sensitive to asparagine and 
aspartic acid, which are widely distributed in 
plant tissue and which possibly attract the insects 
to the root system. 

Falconer (1945) conducted studies on the 
effect of temperature on the behavior of A griotes 
wireworms, and reported that there was no 
gravitational response when these wireworms were 
exposed to temperatures ranging from 52° to 75° 
F. This finding was in agreement with the one 
of Lees (1943) that wireworms of this genus do 
not respond to gravity at this range of tempera- 
ture. Falconer’s studies also showed that wire- 
worms consumed more wheat at 89° but that 
they fed more regularly at 64°. 


1\Limonius californicus (Mann.) 


Lees (1943) also observed that low soil moisture 
favored intense burrowing activity whereas high 
moisture frequently immobilized A griotes larvae. 
There was a pronounced tendency for these 
wireworms to feed when the soil was moderately 
dry, and not when it was wet. 

Campbell (1937) found that the temperature 
preferendum of the sugar-beet wireworm varied 
with the season, being higher in the summer and 
fall than in the winter or spring. There was a 
lag behind the soil temperature, indicating that 
the preferendum does not change until the 
wireworms have been subjected to the higher or 
lower temperatures for a month or more. The 
preferred moisture content of soil was found to 
range between 12 and 16 percent by weight. 
Gravity exerted some influence and together with 
soil dryness was responsible for the movement 
of wireworms to a more favorable environment, 
usually to lower soil depths. 

Jones and Shirck (1942) studied the seasonal 
vertical distribution of the wireworm Limonius 
canus Lec. in the Pacific Northwest in relation 
to soil temperature and moisture, cropping condi- 
tions, and control practices. They found that 
upward migration in the spring occurred when 
the temperature at the 6-inch depth ranged 
from 40° to 68° F., and that the wireworms 
returned to lower depths when surface tempera- 
ture reached 75°. In dense shade they remained 
in the top 6 inches of soil through the summer. 
When the surface soil dried out, they migrated 
downward and returned following irrigation or 
rain. 

Jones (1951) found that L. canus and L. 
californicus require a moisture-saturated soil at- 
mosphere for survival. 


APPARATUS AND METHODS 


For a study of the movements of wireworms in 
the soil, wooden cages measuring 4 x 4 x 16 inches 
inside were constructed (fig. 1). Each cage 
had a closed bottom and a removable top (B) and 
was cut laterally into eight 2-inch sections, the 
top section being slightly deeper in order to 
retain the lid. The sections were held together 
on the outside with two %-inch rods, which 
acted as clamps when tightened with wing nuts 
at the top. The bottom of the cage fitted 
snugly into a wooden base (A). The sections 
were numbered 1 to 8, from top to bottom, 
which represented soil levels from 0-2 to 14-16 
inches. 
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Into the cage was placed moist (15 percent by 
weight) soil to the point where it was desired 
to put the wireworms or food. The remainder 
of the cage was then filled with soil, and the 
wooden top pushed firmly inside the rim. Yolo 
sandy loam was used in all tests. The soil was 
sun-dried, and then sufficient water was added 
to give the desired percentage of moisture. 

The position of the wireworms was checked 
by removing the wing nuts and sliding off each 
section to permit the soil to drop into a pan 
held close to the cage. Wireworms were located 
by screening the soil. 


FIGURE 1.—Cage used for studying the effect of 
temperature and season on the movements of wireworms 
in the soil. 


Four cages were employed. In two of them 16 
medium-sized wireworms were placed in section 
2 (3 inches) and 8 kernels of moistened wheat in 
section 7 (13 inches). In the other two cages 
the same number of wireworms was placed in 
section 2 but no wheat was put in section 7. 
Two cages, one with and one without wheat, 
were set up vertically and the other two hori- 
zontally. After 7 days the position of the 
wireworms was recorded. A new series of tests 
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was then set up in which the positions of the 
wireworms and the wheat were reversed. This 
procedure was repeated throughout the three- 
year period. 

The cages were set up in the screened in- 
sectary, where temperatures were recorded by 
means of a soil thermograph. The temperatures 
shown in the tables and on the charts were 
obtained by averaging the daily means during 
the period of the tests. 

It should be noted that the total movement of 
wireworms was not measured, but only the dis- 
tance traveled in one direction. It is well known 
that wireworms wander about in the soil, even 
reversing their direction, so that the total dis- 
tance actually traveled is much greater than the 
straight line from the starting point to the 
destination. 
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Winter Spring Summer 47-55°F. 56-64°F 65-73°F. 


FIGURE 2.—Percent of wireworms that moved down- 
ward in soil from 3-inch depth (section 2) to bottom 4 
inches (section 7 and 8) as influenced by season, tempera- 
ture, and presence or absence of wheat. 


SEASONAL ACTIVITY OF WIREWORMS 


In southern California wireworm activity is at 
its peak during April, May, and June, when soil 
temperature and moisture near the surface are 
most favorable. From July until November 
higher soil temperatures together with the drying 
out of the surface layer tend to reduce activity. 
During the winter months there is a marked 
lessening in activity. In some winters, however, 
especially in the warmer interior, the larvae be- 
come more active in February, and frequently 
damage lettuce and root crops. 

A clearer understanding of the effect of the 
seasons on wireworm activity was obtained by 
combining the data in the experiments conducted 
each year from March 1 to July 1, from July 1 
to October 31, and from November 1 to March 1, 
designated, respectively, in this paper as spring, 
summer, and winter. 
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TABLE I 


EFFECT OF SEASON AND THE PRESENCE OF FOOD ON THE POSITION OF WIREWORMS 7 Days AFTER 
BEING PLACED IN Sort CAGES 
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II 


EFFECTS OF TEMPERATURF ON VERTICAL AND HORIZONTAL MOVEMENT OF WIREWORMS IN CAGES, 
IN THE PRESENCE AND ABSENCE OF Foop 
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In the spring, when the cages were placed ver- 
tically with wireworms in section 2 and wheat 
in section 7, 32 percent of the wireworms were 
recovered near the food (table I). With the 
wireworms and cages in the same position but in 
the absence of food, only 24 percent reached 
section 7. During the summer and _ winter, 
when extremes of temperature prevailed, there 
was less downward movement, especially when 
food was absent (figure 2). 

Data on the upward movement were obtained 
when the initial positions of the wireworms and 
wheat were reversed, the wheat being placed in 
section 2 and the wireworms in section 7. In all 
seasons an average of 15 percent of the wireworms 
migrated upward to food and only 6 percent 
reached the same level when food was absent 
(figure 3). The results indicate that wireworms 
progress upward much more slowly than down- 
ward, as when the wireworms were placed in 
section 2 an average of 26 percent reached section 
7 when it contained wheat and 19 percent when 
food was absent. 
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FiGuRE 3.—Percent of wireworms that moved upward 
in soil from 13-inch depth (section 7) to top 4 inches 
(section 2) as influenced by season, temperature, and 
presence or absence of wheat. 


Judged by these results, the sugar-beet wire- 
worm is responsive to gravitation, in agreement 
with the findings of Campbell (1937). 

In the spring, when the cages were placed 
horizontally, with the wireworms in section 2 
and wheat in section 7, movement laterally 
toward the food closely approximated the move- 
ment downward when the cages were set up 
vertically. This lateral movement was less pro- 
nounced in the summer and was almost absent 
in the winter. In the absence of food in all 
seasons there was even less tendency for the 
wireworms to move laterally. 


EFFECT OF TEMPERATURE 


The effect of temperature on the vertical and 
lateral movements of wireworms was determined 
by combining the results of the experiments for 
each season in three temperature ranges—47° 
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to 55°, 56° to 64°, and 65° to 73° F. These 
data are shown in table II. 

When wireworms were placed in section 2 
with wheat in section 7, the rate of downward 
movement was about one-third less at 47° to 
55° than at 65° to 73° F. When temperatures 
from 56° to 64° prevailed, half as many larvae 
reached the food as at the highest temperature 
range. With wireworms in the same position 
but in the absence of wheat, the vertical move- 
ment downward was retarded. 

The effect of gravity on wireworm movement 
was noted especially when the positions of the 
worms and wheat was reversed. At the lowest 
range of temperatures only 9 percent of the 
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FIGURE 4.—Percent of wireworms that moved later- 
ally in soil a distance of 10 to 13 inches, as influenced by 
season, temperature, and presence or absence of wheat 
placed 10 inches from the wireworms. 


larvae migrated upwards to the wheat in section 
2, and when wheat was absent only 2 percent 
reached this section. At the higher ranges in 
temperature the rates of movement surfaceward 
were considerably greater, but not as great as 
the downward rates. As usual, the presence of 
wheat expedited the movement, as the combined 
data for all temperatures showed that only 6 
percent of the larvae had moved to section 2 
when food was absent as compared with 17 
percent when it contained wheat. 

As shown in table II, the rate of lateral move- 
ment of wireworms increased with rises in temper- 
ature, especially when food was present. How- 
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ever, it did not exceed the rate of downward 
movement. At all temperatures food attracted 
an average of 21 percent of the larvae, whereas 
when food was absent only 12 percent of the 
wireworms reached section 7. 

DISCUSSION 

The effect of food on the movements of wire- 
worms has never been clearly understood. In 
these tests downward, upward, and _ lateral 
movements of wireworms were greater when food 
was present. The fact that more wireworms 
were recovered near the wheat does not neces- 
sarily mean that they are responsive to food. 
It could have been due to random burrowing, 
and when they reached the food they remained 
there. Thorpe et al. (1947) have suggested that 
Agriotes wireworms may take advantage of a 
semi-permanent system of burrows or follow 
those made by rootlets in seeking food. In 
the cages there would be no access to burrows 
of this type. The same would be true in lima 
bean fields, as the general practices of cultivating 
deeply and frequently and of packing the soil 
prior to planting would destroy existing burrows 
and prevent construction of others. In these 
fields wireworm populations in the bean rows 
have averaged as high as five per foot of row on 
the sixth day after planting. After the wireworms 
have migrated into the rows, they would natur- 
ally follow the areas easy of access or the openings 
in the soil made by the planter blades. 

The data show that gravity affected the move- 
ments of wireworms. In all seasons when the 
cages were set up vertically the rate of migration 
downward greatly exceeded the upward rate. 
Under field conditions movement upward varies 
with the degree of heat and soil dryness, type 
of soil, and cropping practices. Jones (1942) 
reported that movement of Limonius canus was 
accelerated in fallow ground because of the lack 
of protection against high or low surface tempera- 
tures. Of course, movement ‘would be greatly 
expedited under optimum conditions of soil 
moisture and temperature, such as prevail in 
cultivated fields in April, May, and June. 

In all seasons the rate of lateral movement of 
wireworms was less than the downward move- 
ment, but always exceeded the upward rate. The 
extent of lateral migration was important when 
control was attempted by planting rows of cull 
beans 30 inches apart in an effort to attract the 
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wireworms into the rows prior to fumigation with 
calcium cyanide. According to Campbell (1926), 
this method of control would have been more 
effective had it been possible to attract a greater 
percentage of the worms located between the 
bait rows. 


SUMMARY 


An improvised cage was used for studies to 
determine the effect of season, temperature, and 
food on the movement of the sugar-beet wireworm 
(Limonius californicus (Mann.) ). 

Wireworm movements were faster in the 
spring and slower in the winter than in the 
summer, particularly in the presence of food. 

Movements were faster at high temperatures 
than at low temperatures, and the difference 
was much more pronounced when food was 
present. 

The presence of food appeared to increase the 
movement upward and laterally more than the 
movement downward. It also appeared to in- 
crease the movement at high temperatures 
(65°-73° F.) more than at lower temperatures. 
It is not known whether the wireworms were 
stimulated by the food or merely stopped when 
they reached it in their random movements. 

Movements were also affected by gravity, as 
wireworms progressed downward faster than 


upward, especially in the presence of food. 
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OBITUARY 


EDITH MARTON 


PATCH 


1876-1954 


Dr. Epitu M. Patcu died at Orono, Maine, September 
27, 1954, following a short illness. She was buried in 
Hope Cemetery at Worcester, Mass., her childhood 
home. 

Edith, the youngest of the six children of William 
Whipple Patch and Salome Jenks Patch, was born in 
Worcester, Mass., on July 27, 1876. In June, 1884, the 
family moved to Minnesota, and it was here near Minne- 
apolis that Miss Patch resided until she had finished her 
undergraduate training. The farm was near the Mis- 


sissippi, and there was opportunity to roam widely over 


It was here that the Monarch Butter- 


the countryside. 
fly ‘‘fluttered through the vista like a beckoning sprite. 

This insect influenced Dr. Patch’s entire life. It was 
the subject of an essay in a prize contest in the spring 
of 1896 in the South High School at Minneapolis. With 
the prize money a copy of J. H. Comstock’s ‘‘Manual for 
the Study of Insects’? was pur~*?sed, and Cornell Uni- 
versity became a goal—later reu.szed. 

Miss Patch entered the University of Minnesota in 
the fall of 1897. Here she studied under various teachers, 
chief of whom was O. W. Oestlund, who had much to do 
with introducing her to the study of aphids. In 1901, 
the B. S. degree was conferred on Dr. Patch by the 
University of Minnesota. 


After Miss Parch had taught in Minnesota high 
schools for two years, Dr. Charles D. Woods invited her 
to come to the Maine Agricultural Experiment Station 
to organize a Department of Entomology. This was an 
opportunity she had sought throughout the United 
States, and eagerly accepted. As might have been 
expected, there was some opposition—mostly from ill- 
informed quarters because such opportunities were not 
usually offered to women. This opposition quickly 
faded in Maine as it did eventually elsewhere. 


Miss Patch continued with her studies at Maine and 
received her Master's degree in 1910, going on to Cornell 
University where, in 1911, the Ph.D. degree was con- 
ferred. At the time of her retirement in 1937, the Uni- 
versity of Maine conferred the honorary degree of Doctor 
of Science, and the title of Entomologist Emeritus. 

Dr. Patch had interests that ranged far beyond the 
realm of entomology. This is indicated by the member- 
ships she held in various organizations. 

She was a fellow of the American Association for the 
Advancement of Science, and of the Entomological 
Society of America. She was (in 1930) President of the 
Entomological Society of America and is the only woman 
who has received that honor. 

She belonged to the American Association of Eco- 
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nomic Entomologists, the American Society of Natural- 
ists, the National Council of Supervisors of Elementary 
Science, the American Science Teacher's Association, and 
the American Nature Study Society of which she was 
president in 1937 and 1938. 

Her honor societies included Phi Beta Kappa, Phi 
Kappa Phi, Sigma Xi, Phi Sigma, and Pi Gamma Mu. 

Dr. Patch was a member of Delta Delta Delta, The 
American Association of University Women, The Bird 
Conservation Club of Bangor, and the Woman's Club of 
Orono. 

As head of the Department of Entomology from 1904 
to 1937, Dr. Patch wrote some 80 technical and economic 
publications on insects. During this period, she in- 
vited a number of prominent entomologists to spend their 
summers in Maine. This policy resulted in a number of 
excellent publications, mostly in the realm of taxonomy. 
With the passage of the Purnell Act, she assumed re- 
sponsibility for directing the work of an enlarged staff of 
entomologists. Those who had the privilege of working 
under her direction will always remember the genuine 
interest in and helpful suggestions about the problems 
studied at that time. 

Dr. Patch is best known to entomologists for her work 
with aphids. Her last bulletin, the Food-Plant Cata- 
logue of the Aphids of the World, is still in demand. 
Her research collection of aphid slides continues to be 
used by many who are interested in the taxonomy of this 
family. 

During her active years, Dr. Patch was in touch, 
through correspondence, with individuals throughout 
the world. Her advice was frequently sought on taxo- 
nomic problems related to aphids. She was ever willing 
to take the time necessary to answer these questions. 

While Dr. Patch never actively taught entomology 
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she did have several graduate students who came to 
Maine for Master’s degrees. 

In addition to papers and bulletins relating to en- 
tomology, Dr. Patch spent much of her own time in 
the writing of some 40 articles—mostly popular science 
and nature study—which appeared in various periodicals. 
More than 100 of her nature stories for children were 
printed in juvenile magazines. 

For a time, beginning about 1913, the publications of 
Miss Patch were issued by the Pine Cone Publishing 
Company of Orono. Later, the Atlantic Monthly 
Press published two of her 15 books, while the rest were 
published by Macmillan. In all, nearly two million 
copies of her books were sold. 

During her life, Dr. Patch visited all but four states, 
as well as Canada and Mexico. In 1927, she was a re- 
search guest at the Rothamsted Experimental Station 
at Harpenden, England. This experience was one she 
always looked back upon with a great deal of pleasure. 
In 1938, she attended the International Congress of 
Entomologists in Berlin. 

During the latter part of her life Dr. Patch lived at 
‘Braeside’ a 100-year old typical New England white 
house situated near the Penobscot River and surrounded 
by much wild land where birds were always welcome. 
Here she had a wild flower garden where, to the last, 
many milkweeds grew. 

The many friends and colleagues of Dr. Patch will 
long remember her cheery personality, her ‘‘lucky 
stones,’’ ‘‘Braeside,’’ her constant willingness to help, 
personally or professionally, her eager interest in nature, 
and perhaps most of all, her solid contribution to the 
biology and taxonomy of the Aphididae. 

JEAN B. ADAMS 
GEDDEsS W. SIMPSON 
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